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SUMMARY

A static acoustic and propulsion test of a small radius Jacobs-Hurkamp and a large
radius "Flex Flap” combined with four upper surface blowing (USB) nozzles was
performed at the Lockheed-Georgia Company during early and mid-1974. The
early test results are included in the body of this report, and the later test results

are in the Addendum.

Nozzle force and flow data, flap trailing edge total pressure survey data, and
acoustic data were obtained in both series of tests. Jacobs-Hurkamp flap surface
pressure data, flow visualization photographs, and spoiler acoustic data from the
limited mid-year tests are reported in the Addendum, A pressure ratio range of
1.2 to 1.5 was investigated for the USB nozzles and for the auxiliary blowing
slots. The acoustic data were scalea to a four-engine STOL airplane of roughly
110,000 kilograms or 50,000 pounds gross weight, correspondmg to a model scale
of approximately 0.2 for the nozzles without deflector. The model nozzle scale
is actually reduced to about .17 with deflector although all results in this report

assume 0,2 scale factor.

Trailing edge pressure surveys indicated that poor flow attachment was obtained
even ai large flow impingement angles unless a nozzle deflector plate was used.
Good attachment was obtained with the aspect ratio four nozzle with deflector,
confirming the small scale wind tunnel tests of Reference 1. Good attachment was
also obtained with the aspect ratio eight nozzle, but the aspect ratio four nozzle

is o more practical design for an aircraft. The JH flap model incorporated both
knee and trailing edge slot nozzles. Most of the testing was done without trailing
edge blowing, since the relatively small gains in aerodynamic performance did not
justify the large noise penalty of 5 to 7 PNdB. Most of the penalty can be attribut-

ed to blowing from the lower surface, however.

The JH flap at the landing setting produced higher than expected noise levels aft
of the flap, and the increase in noise level with nozzle exit velocity is more rapid

than would be anticipated. The Flex Flap did not exhibit these peculiarities,



INTRODUCTION

The work reported in this document was performed under Task | of Contract NAS2-
7812, "Hybrid Propulsive Lift Noise Study and Aerodynamic Investigation". Com—
plementary low speed wind tunnel testing was performed under Task 1 of the same
contract, and results are reported in Reference 1. The low speed wind tunnel tests
reported in Reference 1 were completed about one month prior to initiation of the

Task | tests.

The Task | tests were initially planned to include three nozzle configurations and
two basic flap configurations. The two flaps differed in concept in that the first,
a large-radius design, utilized internal blowing over an aft flap element on both
upper and lower surfaces, but depended solely on the Coanda effect to turn the
USB flow. This flap would utilize a flexible upper skin on an actual airplane,
and is called the "'Flex Flap" in this repﬁrt. The second concept, a small radius
design, also utilized internal blowing over an aft flap clement as well as blowing
over the main flap knee. This flap is called the "Jacobs=Hurkamp"” (JH) flap,
after its inventors of the scheme which increases the internal flap cross-sectional
area as it is deflected. The Task | tests disclosed that the JH flap possessed
better aerodynamic performance than the Flex Flap, and that a deflector was
needed on the engine exhaust nozzle. A nozzle deflector was therefore added

to the Task | tests, and the program was conducted using the JH flap and the noz-

zle with deflector as the primary configuration.



AK
ANT

FFCOR
FNPR
FSCOR
JH

NR4
NR4D
NR8
NSE
PAM
PPR
PSCD
PSTD
PSTR

SYMBOLS

Aero-Propulsion

flap knee slot nozzle area, sq. in.

total internally blown flap and upper surface blowing
nozzle area, sq. in.

flap trailing edge total slat nozzle area, sq. in.
H;:Ip span, in.

wing chord length, in.

core nozzle effective pressure ratio = PTCN/PAM
nozzle velocity coefficient

nozzle flow coefficient

nozzle axial thrust-component, Ib.

a distance paralle! to the wing chord plane from the flap
slot inboard edge to the nozzle centerline, in.

corrected core nozzle thrust, b,

flap deflection angle from wing chord plane, deg.
Flex-flap

corrected fan nozzle thrust, Ib.

fan nozzle effective pressure ratio = PTFN/PAM
corrected total flap slot nozzle thrust, |b.
Jacobs-Hurkamp flap

nozzle side load thrust component, {b.
rectangular nozzle with width to height ratio of 4
NR4 nozzle with exit deflector and bottom plate
rectangular nozzle with width to height ratio of 8
simulated engine nozzle with core nozzle |
local ambient pressure, psia.

rake probe pressure ratio = PTP/PAM

core duct static pressure, psia.

transition duct static pressure, psia.

frapeze duct static pressure, psia.



PTCD
PTCN
PTFN
PTP
PTSN
PTTD
P4ORI
P6ORI
AP4OR|
AP6OR|

SK
SNPR
STE

TAM
TFRE
THETA
TTTD
T4ORI
T6ORI
USB
WCCOR
WFCOR

core duct total pressure, psia.

core nozzle effective total pressure, psia.

fan nozzle effective total pressure, psia.

rake probe total pressure, psia.

flap slot nozzle total pressure, psia.

transition duct total pressure, psia.

4 inch orifice upstream pressure, psia.

6 inch orifice upstream pressure, psia.

4 inch orifice differential pressure, psi.

6 inch orifice differential pressure, psi.

local compressible dynamic pressure at distance s, psi.
compressible dynamic pressure at USB nozzle exit, psi.

distance along flap upper surface measured from knee
slot, in.

slot nozzle height at knee of flap, in.
flap slot nozzle pressure ratio = PTSN/PAM

slot nozzle height at trailing edge of flap (total of upper
and lower slots), in.

local ambient temperature, °r

flap supply duct total temperature, °R

anéle between nozzle centerline and wing chord plane, deg.
transition duct airflow total temperature, °R

4 inch orifice pipe temperature, °R

6 inch orifice pipe temperature, °R

upper surface blowing

corrected core nozzle airflow rate, Ib/sec.

corrected fan nozzle airflow rate, lb/sec.

distance parallel to the wing chord plane from wing leading
edge to the nozzle exit plane, in.

perpendicular distance above or below flap trailing edge
((+) sign above), in.



SK/TE

NPR, NPR
NPRF
e

N

PNL

Acoustics

Knee/trailing edge slot height, JH flap (TE is total of
upper and lower slots), in.

Slot nozzle height at trailing edge of Flex Flap (total
of upper and lower slots), in. ‘

Angle between nozzle centerline and wing chord plane,

_deg.

Auxiliary flap angle relative to flap, deg.
Nozzle pressure ratio
Flap nozzle pressure ratio

Microphone or observer angle relative to nozzle center~
line

arch elevation angle

perceived noise level



TEST APPARATUS

General

The test apparatus consists of the upper surface blowing (USB) nozzles, wing, flaps,
air supply system, test stand, and instrumentation. A photographic overall view of
the test site is shown in Figure 1. A closeup view of one nozzle-flap configuration

installed on the test stand is shown in Figure 2.

Nozzles

Four USB nozzle configurations were tested. Nozzle configuration NSE was intended

to be representative of an aircraft configuration having a rectangular fan nozzle of aspect
ratio ~ 4 and o circular core nozzle discharging near the mid-upper surface of the fan
nozzle. Photographs and a drawing showing the pertinent dimensions for this nozzle

are shown in Figure 3.

The NR8 nozzle is a rectangular nozzle having an aspect ratio of eight. Photographs

and a drawing of this nozzle are shown in Figure 4.

The NR4 nozzle is a rectangular nozzle having an aspect ratio of four. Photographs

and drawings of this nozzle are shown in Figure 5.

The NR4D nozzle consists of the NR4 nozzle with a deflector extension on the top of
the nozzle spanning the major axis. A bottom plate is also attached. These additions
increase the nozzle aspect ratio at the trailing edge to 6.5. Figure 5d gives the per-
tinent details of these attachments. The side plates shown in this figure are not a part
of the NR4D configuration but were used in a |imited number of tests for obtaining basic

data.

Wing/Flap

A sketch of the wing test section is shown in Figure 6, and coordinates are given for the

basic wing section. End views are shown of the various flap configurations. Two basic



flap configurations were tested, both being internally blown. The Flex-Flap utilized
a large leading edge radius and blowing at the trailing edge over both upper and lower
surfaces of the aft flap. The Jacobs-Hurkemp flap utilized a small leading edge radius

with knee and trailing edge blowing.

Both flap designs could be set up in either a takeoff or landing configuration, and an
auxiliary trailing edge flap is provided for both designs. Trailing edge and knee slots
were adjustable to provide various thrust splits between the trailing edge and knee slots

and/or between the wing surface blowing and internally blown flap.

The wing tip was removable so that the shielding effect of the outer wing could be in-

vestigated.

Air Supply System

Air flow rates up to 18 pounds/second at 75 psig and essentially ambient temperature
were delivered to the test site by a 6-inch pipe system. The 6-inch pipe system then
branches into 6 and 4-inch orifice pipes followed by flow and pressure control valves.
The supply pipe on the downstream side of the 6-inch valve was connected to a é-inch
trapeze. The trapeze had flexible rubber tubing in each vertical leg of the trapeze to
permit nozzle axial and vertical thrust to be measured with little resistance from the air
éupply system. The é-inch pipe system downstream of the trapeze consisted of a coni-
cal diffuser, two mufflers, and a transition duct, and was supported six feet above a
concrete pad in the test stand "A" frame by vertical and horizontal rods equipped with
self-alignment rod-end fittings. The conical diffuser increases the 6-inch pipe to 12
inches which is the inlet and exit diameter of the mufflers. The mufflers are AMF
Beaird, Inc., Model FPS, and each muffler is approximately 24 inches in diameter and
48 inches long. These mufflers are recommended for silencing of high frequency noise
and the design incorporates a "stuffer" to eliminate any line of sight noise. The trans-
"itien duct is a conical converging section with inlet and exit diometers of 12.0 and 10.6
inches, réspective!y, having a length of 27 inches. The test nozzles were attached to

the downstream end of the transition duct.



The 4-inch pipe system downstream of the pressure control valve consisted of a 4<inch-
to-6 inch conical transition piece, a section of 6-inch pipe, two mufflers, a manifold
section, and three flexible 3 1/2-inch hoses. The 3.1/2-inch hoses connect direc!'fy

to the internally blown flap air supply pipes as shown in Figure 7. The mufflers are

similar to those in the nozzle air supply line, but are only about half as large .

The entire air supply system from the upstream end of the orifice pipes to the mid-
section of the transition duct preceding the test nozzle and to the upstream side of the

flexible hoses on the flap air supply system was wrapped with acoustic material .

Test Stand

The test stand consists of two structural frame-works: one supports the air supply system
and the other supports the wing/flap assembly. The air supply support is made up of two
"A" frames with an overhead beam extending across the top of these frames as shown in

Figure 8.

The air supply system is suspended in this frame-work by vertical and horizontal rods

equipped with self-alignment rod-end fittings.,

Mounting provisions for the wing/flap assembly consisted of a moveable carriage assembly
mounted on tracks. Movement along the tracks allows positioning of the wing/flap
assembly relative to the USB nozzle in the longitudinal and lateral directions. These
movements are accomplished by lead screw and hand crank arrangements. Vertical

and angular positioning of the wing/flap assembly was accomplished by movement of the
wing support shaft within its support column on the carriage. Vertical movement was
obtained with a scissor jack positioned under the wing support shaft. Angular movement
was easily made by hand. Methods for rigidly clamping the model in a fixed position

were provided for each mode of adjustment.



Instrumentation

A schematic of the propulsion instrumentation is shown in Figure 9.

Airflow Rates

Airflow rates supplied to the USB nozzle were measured using a sharp-edged orifice
plofé and pressure taps in a é-inch diameter pipe. Airflow rates supplied to the flap
were measured with c‘ sharp-edged orifice plate and pressure taps in a 4-inch diometer
pipe. Pressure transducers were connected to the upstream orifice pressure and orifice
plate differential pressures. Orifice pipe airflow temperature was measured with a

nickel resistance grid.

Nozzle Thrust, Temperature and Pressure

Nozzle axial and vertical thrust were measured with TOROID Model 36-233 type load
cells. The axial load cell was installed along the air supply system as shown in Figure
10. The vertical load cell was installed normal to the air supply transition duct center-
line in a horizontal plane just upstream of the nozzle attachment flange as shown in
Figure 11. The test nozzle was rotated 90 degrees about its centerline relative to a
horizontal plane since the wing was mounted vertically. Pressure and temperature in-
strumentation were installed in the transition duct just upstream of the nozzle attachment
flange as shown in Figure 12. Four total pressure probes, four wall static pressure ports
and one temperature sensor were installed in the transition duct. The four total and
static pressures were manifoided to prc\;vide a single average pressure for each, and were
connected to pressure transducers. The temperature sensor was the same type as that
used in the orifice pipe. The separate core nozzle duct of the NSE nozzle had one total
pressure probe and one wall static port installed just upstream of the nozzle exit plane.

Figure 3 shows this instrumentation.

Flap Pressures and Temperature

Four Kiel pressure probes were mounted in the flap assembly just upstream of the auxiliary
trailing edge flap. Figure 13 shows the pertinent defails of this installation. Each of

these probes was connected to a pressure transducer. A temperature sensor was instailed

9



in the flap air supply line downstream of the muffiers.

Flap Trailing Edge Survey

A 31-tube pressure rake was used for flap trailing edge surveys to determine if the wing
upper surface blowing was attached to the flap. Figure 14 shows this installation. The
31 tubes were connected to a Scanivalve which in turn was connected to a pressure trans-

ducer.

Ambient Conditions

Local wind velocity and direction was determined by o cup-type anemometer/wind di-
rection unit mounted on the roof of the test control center building. Ambient pressure
was measured with a diophragm type baremetric gage. Ambient temperature was measured

with a mercury-in-glass thermometer.

Calibrations

All load cells, pressure transducers, temperature probes and the baremetric pressure gage
were laboratory calibrated prior to testing. During the test period, inplace calibrations
were conducted on all load cells, pressure transducers, and temperature probes utilizing

the entire data acquisition system to establish units for date reduction.
The axial and vertical nozzle measuring system including the trapeze was also cali-

brated to determine tares for the system. The tares were determined as a function of

static pressure in the trapeze and were incorporated into the data reduction program .

10



PROPULSION DATA ACQUISITION AND REDUCTION

Data Acquisition

All temperature, pressure, and load cell instrumentation were connected to a pulsé
code modulation data acquisition system whose output was recorded on analog mag-
netic tape. A view of this equipment can be seen in Figure 15 on the right hand
side of the operator. Each channel of instrumentation bridge input was supplied to

a signal conditioning module which provided a balance and span adjustment for the
bridge. These modules have a series resistance calibration circuit to provide a known
millivolt output for calibration purposes. All amplification, multiplexing, analog to
digital conversion, and encoding of conditioned signals were done by a Pulse Codé
Moauhtion Unit (PCM). This unit corrected the 0 to 10 millivolt signals from each
module and digital scanivalve channel identification from each scanivalve into a
serial digital pulse frain containing the necessary channel and amplitude or value in-
formation. The PCM unit output was recorded on one channel of a Honeywell 7600

analog magnetic tape recorder using direct record mode.

Data Reduction

A computerized data reduction program was developed to provide three basic types

of data from the recorded test parameters: (1) nozzle performance data, (2) flap

| performance data, and (3) flap trailing edge survey data. The recorded analog,
magnetic tapes were processed by converting the analog recordings to digital engineer-
ing units, thus making the data compatible for input into the final data reduction pro-

gram.,

Nozzle Performance Data - Airflow rate, thrusi, nozzle pressure ratio, and velocity

and flow coefficients are computed from measured pressures, temperatures, areas and
load cell reactions. The airflow rate is determined from equations and coefficients
presented in Reference 2 for a square-edged orifice with flange taps. Nozzle result-

ant thrust is obtained from axial and normal load cell reactions with appropriate fest

11



rig trapeze tares applied. The nozzle pressure ratio is computed as an effective pressure
ratio from the continuity equation based on measured airflow rate, and static pressure,
temperature and area just upstream of the test nozzle entry plane. The velocity co-
efficient is the ratio of measured velocity based on thrust and. airflow rate to isentropic
velocity based on effective nozzle pressure ratio. The flow coefficient is the ratic of
measured airflow rate to the ideal airflow rate based on geometric nozzle area and

effective nozzle pressure ratio.

The simulated engine nozzle (NSE) has a separate fan and core nozzle but both nozzles
receive air from a common air supply and the total load is reacted by the load cells.
Therefore, the fan flow circuit was blocked off and the core calibrated. The data
identified in the preceding paragraph is computed for the core flow only case. The
thrust and airflow rate data are curve fitted to polynomial equations in terms of effect-
ive nozzle pressure ratio so that the airflow rate and thrust for the fan nozzle can be ex-

tracted from the total measured airflow rate and thrust with both nozzles open,

Flap Performance Data ~ Airflow rate, slot nozzle pressure ratio and thrust are com-

puted from measured pressures, temperatures, and areas. The airflow rate is determined
from equations and coefficients presented in Reference 2 for a square-edged orifice
with flange taps. The slot nozzle pressure ratio is the flap manifold mean total pressure
to ambient pressure ratio. The slot nozzle thrust is based on measured airflow rate,

isentropic ‘velocity (based on slot nozzle pressure ratio) and slot area.

Flap Trailing Edge Survey Data - The flap trailing edge total pressure ratios are the

measured fotal pressures divided by ambient pressure.

12



ACOUSTIC DATA ACQUISITION AND REDUCTION

Acoustic Instrumentation

Noise measurements were obtained with eleven micrc:p'hones mounted on a variable-
position arch which can traverse the elevation angles within the hemisphere shown

in Figure 16. B & K Model 4136 one-quarter inch condenser microphones were

used with protective grids that connect to B & K model 2615 preamplifiers. This
combination provided a frequency sensitivity range of 250 Hz to 50,000 Hz, which
waos required for compatibility with the one-fifth scale model. From the preamplifiers,
200 ft. of cable wos necessary to reoch from the test rig to the test control facility.

A line driver amplifier was utilized to maintain o flot frequency response (+ 0.5 dB

through 80,000 Hz) through this cable.

Foam windscreens, B & K Model UA 2037, were used to reduce wind effects on the
microphone diaphrams and @ foam [ined ring clamp was used to provide a soft mount

for the microphones. The microphone mount consisted of  phenolic slab, cantilevered
from the arch and wrapped with damping tape to minimize vibratory effects and repel

moisfure.

Data Acquisition

The acoustic data acquisition system is shown on the lower half of Figure 17, The
end product in this system was the digital tape obtained with the Kennedy 1600H tape
recorder. Monitoring of the acoustic data was performed with the storage display unit

and digitel printer.

Pricr to the start of the program a spectral celibration was performed on the elements

- of the acoustic data recording system from 100 Hz through 50,000 Hz. Corrections
obtained were applied to measured data along with the free field microphone corrections
related to the protecting grid and wind screen. A Phote~con microphone calibrator, with
a 1000 Hz signal, was used daily to provide a system correction level relative to the pre-

test calibration.

13



Data Reduction

Digital tape data were processed in the sequence shown on Figure 18. The digitized
data were directly read by the EMR 6040 computer tape drives and were combined

with the punch card input that includes run identification, daily calibration delta

dB, temperature, and relative humfdity. Model acoustic data were then corrected

with the calibration and standard day factors. .Thus, the initial program output con-
sisted of the standard ciay model 1/3 octave band sound pressure levels and the associat-

ed overall sound pressure levels at the twenty foot radius microphone location.

Next, the model acoustic levels were projected to the source, scaled to a four engine
configuration, and then projected to 500 ft. sideline, or flyover, and 500 ft. radial
position using standard day absorption factors. The two final program outputs therefore,
were: (1) 500 ft. (152.4M) radial 1/3 octave band sound pressure levels, overall sound
pressure levels and PNL, and (2) 500 ft. (152.4M) sideline (or flyover) 1/3 octave band
sound pressure levels, overall sound pressure levels and PNL. This process is illustrated
on Figure 19a, and the full-scale observer distances associated with all arch and micro-
phone positions are listed on Figure 19b. Note that the calculated full-scale noise
levels derive from geometric scaling of the flap and nozzle noise only. Forward speed
effects, differing shielding, and other corrections necessary to simulate the total noise

level produced by the flying aircraft are not included.

The model scale is approximately 0.2 for engines rated at about 7000 pounds tofal thrust
at a fan pressure ratio of 1.5 without a nozzle deflector. Since the deflector used on
the NR4D nozzle configuration reduced the simulated fan airflo;v, the model scale

for that configuration is reduced to about .17, but all calculations in this report as-

sume a scale of 0.2.

Acoustic Test Qutline

The original test plan was designed as o parametric program éncompassing three nozzles,

the NR4, NR8 and NSE, and two flap configurations, the Jacobs-Hurkamp and Flex-Flap.

14



The earlier low speed wind tunnel tests indicated that a deflector was needed. The

" trailing edge surveys of the static test program confirmed this finding in that poor

flow attachment with the aspect ratio four and simulated engine nozzles restricted
their usefulness in providing a baseline for parametric variations. Good flow attach-
ment to the flap was obtained with the aspect ratio four nozzle with a flow deflector
plate. Thus, the test scope was reduced for the NR4 and NSE nozzles, and the major
portion of the testing was devoted to the NR4D nozzle. A summary of the test program

is shown on Figure 20.

15



PROPULSION RESULTS
Nozzle Performance

Nozzle performance data without the wing/flap are presented in Figures 21 through

24 for the four nozzle configurations investigated. The nozzle cenfigurations are:

1) NR4 - a rectangular nozzle havi'ng an exit aspect ratio of four, 2} NR4D - same

as NR4 nozzle except deflector plates are attached to top and bottom (along the major
axis) changing the NR4 nozzle internal flow surfaces by 15 and 12 degrees respectively
(deflector trailing edge aspect ratio 6.5), 3) NR8 - a rectangular nozzle having an
aspect ratio of eight, and 4) NSE - a simulated engine nozzle co-planar with a rectan-
gular fan nozzle exit (same area and height as the NR4 nozzle.). Nozzle velocity co-
efficients (CV) are shown in Figure 21 as a function of nozzle pressure ratio. This
velocity coefficient is the ratio of measured thrust to ideal thrust, where ideal thrust

is based on measured airflow rate and isentropic velocity. Figure 22 presents nozzle
airflow coefficients (CD) as a function of nozzle pressure ratio. Two flow coefficients

for the NR4D nozzle are shown: one for the nozzle area at the deflector trailing edge
and the second for the open side area at the edges of the deflector. These flow coefficients
are the ratio of measured airflow rate to ideal airflow rate based on geometric nozzle arec

and isentropic velocity.

Corrected measured nozzle airflow rates and thrust are presented in Figures 23 and 24
as a function of nozzle pressure ratio. Data are presented for the NR8 nozzle, the NR4
nozzle, the NR4D nozzle, the NR4D nozzle with side plates, the NSE nozzle core only,

the NSE nozzle fan only, and the NSE nozzle core ond fan.

Flap Performance

Calculated corrected flap slot thrust (FSCOR) based on measured airflow rates and noz-

zle pressure ratio are presented in Figures 25 and 26.

16



Figure 25 is applicable to the Jacobs-Hurkamp flap and presents data for the various
" knee and trailing edge slot heights tested for both the 70° (landing) and 30° (takeoff)
flap configurations. The slot thrust shown is the total of the knee and trailing edge
slot thrusts. Either can be calculated individually from the tota | by simply multiply-
ing by the ratio of slot height to total slot height. Figure 26 presents similar slot
thrust data for the Flex-Flap.

Those trailing edge slot heights (STE) which are denoted by: (number)/0 (example

STE = 0.126/0 in.) indicate that the upper trailing edge slof gap was set at the indi-
cated number and the lower slot was sealed. Where a single number (example STE =
0.316 in.) is noted, both upper and lower slots are set equally (for the example: 0.158
in.} for a fotal gap height of the number indicated. Both slots are sealed when STE =

0 is noted.

Flap Trailing Edge Total Pressure Surveys

Comparisons of flap trailing edge pressure distribution are shown in Figures 27a through
27j, for both flaps, four nozzle configurations, for USB jet impingement angle (TH ETA)
on wing upper surface, for nozzle exit locations relative to wing chord (X/C), for the
effect of o simulated upper surface duct installation, and for the effect of nozzle pres-
sure ratio. The effect of flap blowing on and off, as indicated by the flap slot nozzle
pressure ratio (SNPR), is also shown in Figure 27a. The JH flap had blowing at the knee
and trailing edge. The trailing edge slots were sealed for some of the pressure surveys

as indicated by a flap trailing edge total slot area ratio (ATE/ANT) of zero. All pres-
sure data presented are for a flap deflection of 70 degrees and USB and flap blowing noz-
zle pressure ratio of 1.5, except Figures 270 and 27{ which include two cases of USB

only at 1.5 (no flap blowing).

Early in the test program, trailing edge surveys revealed that the NR4 and NSE nozzles
did not produce adequate flow attachment with the Jacobs-Hurkamp flaps in the landing
position. A deflector and bottom plate were added to the basic aspect ratio four nozzle.

This combination achieved good flow attachment and became the baseline for the test

17



program. These findings are illustrated by the flap trailing edge pressures shown on
Figure 27b. These surveys supported the companion, earlier low speed wind tunnel
results of Reference 1, where deflectors were found to improve model aerodynamic per-
formance significantly. Other investigations (Reférences 3 and 4) have also found de-

flectors necessary for good attachment.
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ACOUSTIC RESULTS
General

Acoustic data in this report are presented on three basic plotting formats that
attempt to summarize the acoustic performance while ullowiﬁg enough flexi-

bility to cope with the configuration and parametric changes. They are:

© Full Scale PNL vs Azimuth - This format displays the full scale PNL for
the eleven observer positions on the 500 ﬂ'.. (152.4M) sideline plane, or
flyover, as indicated by the selected elevation angle. The distances to the
eleven-500 ft. azimuth -positions at each elevation angle are shown in Figure
19. Two general types of data are shown: (1) Noise for a single configuration
at various pressure ratios, and (2) Noise for two or more configurations at a
single test pressure ratio. The nozzle pressure ratios used on all plots are

. calculated from measured dakta.

° Full Scale OASPL vs Nozzle (Flap) Exhaust Velocity - These figures illustrate
the velocity dependence for a particular configuration at selected microphone
(azimuth) and sideline, or flyover, positions. Velocities are isentropic vciues
based on measured propulsion data. A reference line for the V8 and V6 noise~
velocity dependence is included for the nozzle alone and nozzle-wing, res-
pectively. .

© Full Scale 1/3 Octave Band Sound Pressure Level vs Frequency - The spectrum
is plotted for a configuration at various pressure ratios and o selected microphone
(azimuth) and sideline, or flyover posifion(s); As described previously, nozzle

pressure ratios are calculated from measured data.
In general, the data are organized in the following sequence: (1) baseline model

configurations with their associated PNL, OASPL, and 1/3 octave band data, in

that order, and (2) parametric variations as illustrated by PNL vs azimuth plots.

19



Summary Of Test Data

Nozzle Calibrations = Nozzle acoustic properties, with no wing, were measured

at the beginning of the test program. This data also provided a checkout of the
testing and instrumentation system. Figures 28 and 29 provide a comparison of
full scale PNL sideline and flyover levels for the four nozzles. Overall sound
pressure levels at the test nozzle velocities are shown on Figures 30 and 31 for
the 90° azimuth position and for the 150° azimuth position. Figures 32 through
35 show the 1/3 OB sound pressure levels for each nozzle at the same two azimuth

positions.

The NR4 nozzle displays the most desirable noise characteristics of the four

units tested; however, ‘as discussed elsewhere it does not produce the required
flow attachment when married to the wing-flap lift system. The selected baseline
nozzle, NR4D, produces more acoustic energy relative to the other nozzles at the
higher frequencies which may be due to the deflector and bottom plate edges. All

" . 8 .
nozzles exhibit a typical V~ dependence on flow velocity.
Selection of Baseline Cenfigurations

| Jacobs-Hurkamp Flap - The initial testing effort with the assembled mode! was to

determine those flap-nozzle combinations which provided flow attachment at the
landing flap angle of 70°. In this respect, the JH flap was considered the most
critical because of the small knee radius. As outlined in the propulsion performance
discussion, attached flow was obtained with the aspect ratio eight (NR8) nozzle and
aspect ratio four nozzle with deflector (NR4D). The aspect ratio four (NR4) and
simulated engine (NSE) nozzles did not produce attached flow when combined with

the JH landing flap at reasonable impingement angles, and was unsatisfactory even
o
at 217,
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Consequently, the test was organized to emphasize the NR8 and NR4D nozzles,
with primary consideration given to the latter because of its more reasonable

geometry.

Measurements for five knee/trailing edge combinations with the NR4D nozzle were
made with the JH landing flap. Figure 36 is a comparative plot of sideline PNL
for these five configurations and it shows that trailing-edge-blowing creates o
significant noise penalty. A quieter trailing-edge-blowing configuration results
from sealing the lower trailing edge slot and allowing flow through the knee and
upper trailing edge slots. Figure 37 shows o comparison of this configuration and
three other trailing edge slot configurations. It is apparent from this figure that the

lower slot is the stronger noise source.

The noise contribution of these slot configurations can be assessed by referring to
Figure 38, which summarizes the radial PNL produced by the siots with no upper

surface blowing.

Flex Flap - The NR4D and NR8 nozzles, with primary emphasis on the NR4D, were
used for the Flex Flap acoustic measurements. As with the JH flap, a slot evaluation
was pefFormed to select o test baseline configuration. Figure 39 summarizes these
test runs and demonstrates that the best acoustic configuration tested is with the

lower slot-sealed and.with an upper slot height of 0.158 inches.
Acoustic Data Baseline Configurations

Jacobs-Hurkamp Flap; 70° Flap Angle, NR4D Nozzle - Sideline and flyover PNL

values are shown for the four elevation angles on Figures 40 through 43. The effect of
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wing shielding, a "bucket” that forms in the 105° - 135° azimuth arc, can be
observed by comparing these four figures in sequence from 0 through 90° elevation
angle. This accentuates the upper surface and trailing edge noise sources that are

apparent at the 90° and 150° azimuth positions.

Sideline and flyover velocity dependence and spectra are shown on Figures 44
through 49 at the 90° and 150° azimuth positions. The OASPL displays a velocity
dependence that is closer to V8 than the reference Vé. In addition, at the 150°
azimuth, the exponential increases with velocity, particularly in the sideline case.
The spectra, Figure 47, confirms the increase with a sharp buildup with increasing

pressure rafio in the 315 Hz .and 400 Hz frequency bands.

Jacobs-Hurkamp Flap; 30° Flap Angle, NR4D Nozzle - Sideline and flyover PNL,

as shown in Figures 50 through 53 for the takeoff configuration are generally lower
than those measured for landing at equivalent flow conditions. Wing shielding is
more effective at the aft azimuth positions from 120° through 150° and the reduced
flap angle has shifted the upper surface noise sources away from these observer
positions. Figures 54 and 55 show the velocity dependence at a mid and aft azimuth

position and Figures 56 and 57 show typical spectra.

. Jacobs-Hurkamp Flap; NR8, NR4, and NSE Nozzles - Acoustic noise levels for the

JH flap combined with the aspect ratio eight, aspect ratio four, and simulated engine

nozzles are presented on Figures 58 through 77.

Flex Flap - NR4D Nozzle - Acoustic data are presented for the baseline Flex Flap

configuration with the NR4D nozzle in Figures 78 through 93. Basic noise character-
istics are similar to those produced by the JH Flap except that the landing configuration
noise levels at the aft azimuth locations are greatly reduced. Consequently, the aft

spectra does not exhibit the narrow band growth characteristics of the JH Flap.
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Flex Flap; NR8, NR4, and NSE Nozilles - Acoustic noise levels for the Flex Flap

combined with the aspect ratio eight, aspect ratic 4, and simulated engine nozzles

are presented in Figures 94 through 117.

Flex Fiap and Jacobs-Hurkamp Flap, Upper Surface Blowing Only - Figures 118
through 141 summarize the noise levels associated with the wiﬁg-flap model without
flap blowing, i.e., with only upper surface blowing. Figures 118 through 133
illustrate these noise levels for the aspect ratio four nozzle with deflector for both
the JH and the Flex Flap. Figures 134 through 141 illustrate similar data for the

aspect ratio eight nozzle combined with the Flex Flap.

Parametric Data

Jacobs-Hurkamp Flap, Nozzle Chordwise Position - Full scale sideline PNL's for

nozzle chord positions of 20, 35, and 50 percent are shown on Figure 142 for the
landing flap configuration. At the aft azimuth positions, the 35 percent location
is loudest, i.e., the noise level reduces if the nozzle is moved either forward or aft
of this position. The comparable takeoff flap data are shown on Figure 143 for noz-
zle positions of 35 and 50 percent chord, In this case, the 35 percent chord noise
levels are approximately 2 dB lower than those for 50 percent chord at all azimuth

locations.

Jacobs-Hurkamp Flap, Nozzle Impingement Angle - Figures 144 and 145 show the

sideline PNL for landing and takeoff flap angles and nozzle impingement angles of
12° and 19°. No significant differences are noted except at the aft azimuth positions
for the landing flap where the noise levels for the 12° configuration are higher by

approximately 1 to 1.5 dB.

Jacobs~Hurkamp Flap, Auxiliary Flap Angle - Sideline PNL's for landing and take-

off flap angles and auxiiiary (trailing edge) flap angles of 0, +30°, and -30° relative

to the primary flap angle are shown on Figures 146 and 147. The directivity varies
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somewhat with auxiliary flap position; however, the +30° (flap trailing edge down)

position may produce the highest levels.

Jacobs-Hurkamp Flap, Variation of Flap Pressure Ratio With Constant Nozzle

Pressure Ratio - Figures 148 through 153 summarize the sideline PNL'’s for the take-

off and landing flap angles. No strong differences between various flap pressure
ratios are noted, but the PNL's increase slightly with increasing pressure ratio. This

reflects the relatively small influence of knee blowing on noise level.

Jacobs-Hurkamp Flap, Nozzle Spanwise Location - Figures 154 and 155 provide a

comparison of sideline PNL's for the nozzle locations at 50, 75, and 85 percent
flap span. For both the takeoff and landing flap configurations, the 50 percent span
location produces the lowest noise levels, the single exception being the 150° azimuth

position with the landing flap.

Flex Flap, Nozzle Chordwise Position - Sideline PNL's for 20, 35, and 50 percent

chord position are shown on Figures 156 and 157. With the landing flap configuration,
the noise levels increase when moving the nozzle either forward or aft of the 35 per~
cent chord position, However, no significant noise level changes are noted among

the three chord positions with the takeoff flap.

Flex Flap, Nozzle Impingement Angle - Figures 158 and 159 compare the sideline

PNL's for 12° and 19° nozzle impingement angles. For the landing configuration,
the noise levels increase at the higher angle and show a similar but less pronounced

characteristic for the takeoff flap.

Flex Flap, Auxiliary Flap Angle ~ Sideline PNL's for auxiliary flap angles of -30°,

-15°, 0, and +30° are summarized on Figures 160 and 161. Significant changes
in directivity occur when traversing from the forward to aft observer positions; how-

ever, the predominant noise levels occur with the TE flap at the +30° position .
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Flex Flap, Variation of Flap Pressure Ratio with Constant Nozzle Pressure

Ratio - Figures 162, 163 and 164 summarize the variation of flap blowing pres-
sure ratio at three nozzle pressure ratios. The change in noise levels with in-
creasing flap pressure ratio is greater than the comparable JH flap case, as the

trailing edge slot contributes more to the overall noise than the knee slot.

Flex Flap, Nozzle Spanwise Location - Sideline PNL's for the 50, 75, and 85

percent nozzle spanwise positions are shown on Figure 165. As with the JH flap,
the levels produced at the 50 percent position are significantly less than those

outboard,

CONCLUSIONS

1. The aspect ratio e'ight nozzle produced good attachment without o deflector.
Attempts to achieve comparable attachment with the aspect ratio four and
simulated engine nozzles by increasing the nozzle-to-wing impingement
angle were not successful, even at a relatively high 21° impingement angle.
A deflector was added to the aspect ratio four nozzle which achieved satis-

factory attachment at the maximum flap angle of 70°.

2. Addition of the deflector to the aspect ratio four nozzle increased the basic
nozzle noise levels approximately 3-4 PNdB. The noise levels produced by
this nozzle, with and without dgflector, when combined with the -JH Flap,

are approximately equal, however.

f

3. The JH Flap at the landing angle of 70° displays an aft directivity generated
by an upﬁer surface noise source that has not been as yet fully defined.
4. Using the PNL's produced by the JH Flap with upper surface blowing as a base:

(@) Knee blowing increases the base PNL's approximately 1 PNdB, (b) Knee
plus upper trailing edge slot blowing increases the base PNL's 3 PNdB, and
(¢} Knee plus upper and lower trailing edge slot blowing increases the base
PNL's 6-7 PNdB.

Hence, trailing edge blowing was found to be a very powerful noise source.
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At the landing flap angle, the JH Flap produces approximately 1-2 PNdB
higher noise levels than the Flex-Flap; at the takeoff flap angle, the Flex
Flap produces approximately 3 PNdB higher noise levels than the JH Flap.

Noise levels for the JH Flap at the landing angle of 70° are approximately
3 PNdB higher than equivalent levels at the takeoff flap‘ angle.

With the JH Flap and knee blowing, angular changes in auxiliary flap position
of _-1:30°, relar%ve to the primary flap position, affect the maximum PNL's less
than 1 PNdB. Conversely, significant changes in directivity and magnitude
occur with the Flex Flap over the same auxiliary flap deflection range; the
highest noise levels oceuring at the +30° position. Apparently the trailing
edge slot noise source, associated with the Flex Flap only, is affected by

the angular change.
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Figure 2 Typical test model installation.
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(b) NSE nozzle exit view.

Figure 3 Continued.




(c) NSE nozzle entrance view.

Figure 3  Concluded.
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(b) NR8 nozzle exit view.

Figure 4 Continued.




(¢) NR8 nozzle entrance view.

Figure 4 Concluded.
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NR4 nozzle entrance view.

Figure 5 Continued.
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Figure 6 Wing/Flop geometry.
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WING CHORD LINE

FF30°(TAKEOFF CONFIGURATION)
(b) Flex-Flap end view.

Figure 6 Continued.

FE70°(LANDING CONFIGURATION)
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WING CHORD LINE

VARIABLE GAP

JH30(TAKEGFF CONFIGURATION) _JH7O(LANDING CONFIGURATION)
(6) Jacobs-Hurkamp flap end view.

Figure 6 Concluded.



Figure 7 Flap air supply.
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Figure 9  Instrumentation schematic.
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Figure

10

View of axial load cell installation.



Figure 11 View of vertical load cell installation.
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Figure 13  Detail of flap pressure probe installation.



(@) Overall view.

Figure 14  Flap trailing edge pressure survey rake installation.
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DATA REDUCTION AND SCALING

1. MEASURED TEST DATA

1 1/3 OB Spectra, 20 ft. radius (F = 250 to 50 KHz)

. 2. DETERMINE SPECTRA AT SOURCE

; _ 0 19
SPLE A 0) e = SPLE S By + Wlogyy T+ =y 1005

3. SCALE TO FULL-SIZE AIRCRAFT

Scale factor =.5.0. AdB = 20 logw 5.0 = 14d8. (f = 50 to 10 KHz.)

4. SCALE TO FOUR ENGINES F'

OdB =10 log,, 4= 6dB

5. CALCULATE SOURCE-TO-OBSERVER DISTANCE
Radial = 500 Ff. (152.4M)
Sideline = 500/Sin 0 Cos # Ft.
Flyover = 500/5in @ Ft,

6. CALCULATE SPECTRA FOR SD

_ STOD _ STOD -1
,SPL (,f' # 6)STOD = SPL (F'_ g e)sr:aurc.e -2 iC’QIO i cc(f)SD 1000

7. CALCULATE PNL ‘
PNL (4, 8) =40 + |1::gIO (Nmox +0.15{ZN - N max))
0703

Figure 1%
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.. Angular

500 Ft.

. Microphone 500 Ft. : 500 Ft. Sideline
MIC Pos.| -~ Position Distance Radial o o A o Flzover
No. 0 0~ Arch 30~ Arch 60" Arch 90
Deg. | Rad. | Ft. M. | Ft. M. Ft. M. | Ft. M. Ft., M; | Ft. M.
1 30.0| .524 [20.0 #61 500.0 |152.4 |1000.0} 304.8[1154.7| 352,0R000.0 | 609.6]1000.0} 304.8
2 45.01 .785 707.11 215.5| 816.5] 248.91414,2 | 431.1]| 707.1} 215.5
3 - 60.0[1.047 577.4| 176,0} 666.7| 203.2 1154.7 | 352.0] 577.4 | 176.0
4 75.011.309 517.6 157.8| 597.7] 182.21035.3 | 315.6| 517.6 | 157.8
5 82.51.440 504.3 | 153.7| 582.3| 177.51008.6 | 307.4| 504.3 | 153.7]
6 90.0 |1.571 500.0 | 504.3| 577.3| 176.0 i000,0 | 304.8 | 500.0 | 152.4
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11 150.0 |2.618 Y + N000.0 | 304.8 [1154.7| 351.9 |2000.0| 609.7 11000.0.{ 304.8
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Figure 19b Description of Microphone and Full Scale Locations
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Nozzle velocity coefficients.
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Figure 22

Nozzle flow coefficients.
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kg/s

WFCOR

2~

1—

10
NR8 Nozzle
0 Run 104 .
: T Run 203 Siamicias
8 El Run 204:
1 h.
[
Ibisect
4
R T
2
0!
1.0 1.1 1.2 1.3 1.4 1.5

FNPR

(@) NR8 nozzle.

Figure 23 Measured nozzle airflow rate.
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WFCOR

10 II'L'\‘I'HHI\ IBEBEEEE INENNESNEE ARRRS] i E
Symbol Nozzle Run No. ¥
© NR4 105
N NR4D 106 =
4 A  NR4D 107 -
+side plates
f=1
3
[
kgls H
Ibisec 2
o i
4 !
2s8cs
1- o A 1T
2 ns- i
0- oka
1.0 1.4 1.2 1.3 1.4 1.5
FNPR

(b) NR4 and NR4D nozzle. '

Figure 23 Continued.
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WCCOR

or
WFCOR
12 B R R R Y N RREE A RS Eu R RN R
Symbol Nozzle Run No. :
5 NSE Core only 101
' NSE Fan only 102
NSE Core & Fan 103
1¢ 3
Pl
4
kg/s B
Ib/sec ! :
3._
s s !
2 T
4
14 2HH ]
HH SRERRCER )y man i
EH s =2
Od 0 . i
1.0 1.1 . 1.2 1.3 1.4 1.5

FNPR or CNPR

(¢) NSE nozzle.
Figure 23 Concluded.
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FFCOR

2404 _
i : NR8 Nozzle
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200}
8.004 !
160f
600+
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4004
80
|
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01
o4 okl :
1.0 1.1 1.2 1.3 14
FNPR

(@) NR8 nozzie.

Figure 24  Measured nozzle thrust.
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Ib.
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40
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FNPR

(b) MNR4 and NR4D nozzie.

Figure 24 Continued.



5 T 5
n
. -—
a. b
-
H
mm . ¥
HM - &8 M
| © 00O X m
unm -— o ! | ~
HH -
T O c B
N > = H
F 5 2w ¥
ax g% X
T o] L [T
N .m m o i
NP QW O o
S | A -
HZ| wow W : i
T L LE 3
T Z Z I I
i | 3t
HE >
Humv_ n 1
nw -
ans rw ,1
- ‘l.Tl
F
N O
x o (o) o o o o T o
o & o w ] N © <
vl o - o =
- o
60 0 o) - - _ )
Q. O O
a O Q o O C O ©
N (o] 3] . o0 < &
vhe = 2
T

FNPR or CNPR

(¢) NSE nozzle.

24 Concluded.

Figure

b6



' Symbol RunNo._FD Nozzle X/C ETA/B ITHETA

© 143 122 NR4D .35 .50 21
D 144 # l (1ii
FSCOR A 200 1
160 S - : }
€00+
120
400+
N. 80HH
Ib.
2001
40}
0 - o 1 FR 01 NNy somme cuset Sosda S : ‘
1.0 1.1 1.2 1.3 1.4 1.5
SNPR

(@) Knee slot height, SK =0.032 in. (0.081 c¢cm.). Trailing edge
slot height, STE =0.284 in. (0.721 cm.).

Figure 25 Calculated flap slot thrust based on measured airflow
rates and nozzle pressure ratio. Jacobs-Hurkamp flap.
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Average curve through data for JH 70 flap.
Runs 123 -138, 147-173, 255 - 258,

— — — —Averagqe curve through data for JH30 fiap.
Runs 174 -198

— =~ ——Average curve throusgh data for JH 70 fiap.
Runs 108,112,114, 119-12 2, 145, 146, 300-305, 421- 4 25,431

-—0 Run 198, JH 30 flap-
FSCOR "’
160
€600 1 &
120 -
aists
N :
Ib. .366\ as
4001 (A
O
80 a0
ﬁ:
ok
200
40 '
i T
= 19| {;—I[ ﬁ--l]llu
0 o e o
1.0 1.1 1.2 1.3 1.4 1.5
SNPR

(b) Knee slot height, SK =0.063 in. {0.160 cm.). Trailing edge
slot height, STE = 0 and 0.253 in. (0.643 cm.).

Figure 25 Conltinued.
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Symbol RunNo. FD Nozzle X/C ETA/B THETA

O 253 1.22 NR4D .35 .50 .21
O 254 (709 (12°)
A 239
£ 260
7 261
D 262 NR4 D1
FSCOR
120
400+ 3
(A -
80 570 O :
'\“ LL ¥ T
N \?,G'.(P:. i Qc.f““ ey L
Ib e‘,o' +H 1 “6 / 1+ Lt
S HE AT 0.V :
”'53/0-‘-“ =
200 - s 0 0%
40 " |
LT
O e
Q% 11 1.2 1.3 1.4 1.5
SNPR

(c) Knee slot height, SK =0.063 in. (0.160 cm.). Trailing edge

slot height, STE = 0.063/0 in. (0.160/0 cm.) and 0.126/0 in.
(0.320/0 cm.).

Figure 25 Continued.
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Symbol RuniNo. FD Nozzle X/C ETA/B THETA

© 139 1.22 NR4D .35 .50 .z21(12°)
g 140 (709
PAN 141
¢ 142
74 201 .61
b 202 (30% \gg 12(7°)
0] 193 l Y
Q@ 194 NR4D ¥ Y .21(12%)
JH 70 flap
FSCOR — — — —JH 30°f1ap
160
GOO"' T
120 H
4004 .
80 3
Y
I e
0O,
ib. m\';o-
200 ;9;.?”? SASSEISiaEe: i
40 ; B L] ..;f :E
. O S g
S1E gt
OJ ol 85nass! :
1.0 1.1 1.2 1.3 1.4 1.5
SNPR

(d) Knee slot height, SK = 0.095 in. (0.241 cm.). Trailing edge

slot height, STE = 0 and 0.221 in. {0.561 cm.)

Figure 25 Concluded.
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Average curve through data for FF 70" tiap.
Runs 212, 218 - 250.

— — — —-Average curve through data for FF 30" flap.
Runs 263 - 279, 282- 289,

FSCOR
400 -
80
. FErH
ib s
200 - 0 B
e
°- -Oto ‘ 1.1 1.2 1.3 1.4 1.5
SNPR

Figure 26

(a) Trafling edge slot height, STE = 0.158/0 in. (0.401/0 cm.).

Calculated flap slot thrust based on measured airflow
rates and nozzle pressure ratio. Flex-Flap.
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Symbol Run No. FD Nozzle X/C ETA/B THETA

©® 213 1.22 NMD .35 .50 .21(12%)
@ 216 79 yrs 12(7°)
74 205 NR4D .21(12°%
] 206
O 207
¢ 208 .50
® 209 .35
Q 211
FSCOR A 214 Y JF
200 @ 215 Y nre 2(7°) T
® 281 &1 v Y o 2129 o
8004 LR : : LIRTTT
160
€00 -
O f :
120 s AP a
N. ] A O b
\."?’ :
ib q"\o' .
400 4 > 3
o <
80 . 0’5
<% o2
& \
e =
\ G H
=N ana. H
Q- 3
E (AN
200"1 - 1 l‘0_3f)6..--rl ”-ﬂ'
40 0, e
Q: Aot
H 1
a.-ﬂ"
od 0 :H' e
1.0 1.1 1.2 1.3 1.4 1.5
SN PR

(b) Trailing edge slot height, STE = 0.542 in. (1.377 cm.),
0.316 in. (0.803 cm.), and 0.140 in. (0.356 cm.).

Figure 26 Concluded.
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RAKE PROBE PRESSURE RATIO, PTE/PAM

CURVE NOZZLE FLAP FD AK/ANT ATE/ANT X/C ETA/B 'THETA FNPR SNPR

1 NR4D JH 1:2 .04 A6 35 50 .29 1.5 1.5
- (70% t (12°)
2 1.0
3 FF 0 20 1.5
4 § ' ¥ 1.0
& ah'rcmn.l. PRESSURE RAKE AT FLAP MIDSP
\ NORMAL TO TRAILING EDGE AN
1.5
‘.4 /FLAP TRAILING EDGE
1'3 -
1.2
11 F
1.0 L ; . )
-0.0 0 0.04 0.08 0.2 0.16 0.20 0.24
(BOTTOM) (TOP) '

DISTANCE FROM FLAP TRAILING EDGE, Y/C

" {a) Comparison of Jacobs-Hurkamp and Flex-Flap pressure
distributions at the flap trailing edge .

Figure 27 Flap trailing edge wake survey.
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PTP/PAM

RAKE PROBE PRESSURE RATIO

CURVE NOZZLE FLAP FD AK/ANT ATE/ANT X/C ETA/B THETA FNPR SNPR

NSE JH 1.22 .05 0 35 .50 .24 1.5 1.5
(70%) } (14%
2 NR4 '
3 NR4D 16 21
' (129
4 NRB 0 24
S . C e L (14°)
. "‘/w\ {—TOTAL PRESSURE RAKE AT FLAP MIDSPAN
- NORMAL TO TRAILING EDGE .
N
14l /FLAP TRAILING EDGE
1.3} @)
1.2 D
1.1 +
1.0 /1 1 1 1 1 = v
-0.04 0 0.04 0.08 0.12 0.16 0.20 0.24
(BOT TOM) (TOP}

DISTANCE FROM FL AP TRAILING EDGE, Y/C

(b) Comparison of USB nozzle configurations on pressure
distributions at the flap trailing edge.

Figure 27 Continued.
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RAKE PROBE PRESSURE RATIO, PTR PAM

CURVE NOZZLE FLAP FD AK/ANT ATE/ANT X/C ETA/B THETA ENPR SNFR .

1 NR8  JH 1.22 .0S o .35 .50 .12 1.5 1.5
(70°) (7%)
2 . . 24
| (149
3 .37

_ (21°)
| \%—TOTAL PRESSURE RAKE AT FLAP MIDSPAN
NORMAL TO TRAILING EDGE

1-_5 [~

14 k /-FLAP TRAILING EDGE

1.3

1.2 |

14 F

1.0 4 : L 1

-0.04 8] 0.04 0.08 0.12 0.1¢6 0.20 Q.24
(BOTTOM) {TOP)

DISTANCE FROM FLAP TRAILING EDGE, Y/cC

(c) Comparison of nozzle flow impingement angle on pressure
pa p p
distributions at the flap trailing edge. NR8 nozzle.

Figure 27 Continved.
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RAKE PROBE PRESSURE RATIO, PTI/PAM

CURVE NOZZLE FLAP FD AK/ANT ATE/ANT X/C ETA/B THETA FNPR SNPR

1 NR4 JH 1.22 .04 A6 50 .50 a2 1.5 1.5
(70°) (7%
2 1 .05 0 l (.24) 1
- (14°
3 l * 37
o _ ) (21°)
g\ LTOTAL PRESSURE RAKE AT F
NORMAL TO TRAILING EDGELAP MIDSPAN
1.5
FLAP TRAILING EDGE
1.4+ /
1.3 p
1.2 F
1.1 F
1_0 / i ] L | 1 J
- 0.04 ] 0.04 0.08 0.12 0.8 0.20 0.24

(BOTTOM) (TOP)

DISTANCE FROM FLAP TRAILING EDGE, Y/

(d) Comparison of nozzle flow impingement angle on pressure
distributions at the flap trailing edge. NR4 nozzle.

Figure 27 Continved.
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RAKE PROBE PRESSURE RATIO, PTE/PAM

1.3

1.4

1.2

1.4

1.0

- Q.

CURVE NOZZLE FLAP FD AK/ANT ATE/ANT X/C ETA/P THETA ENPR SNPR

1 NSE JH 1.22 .04 16 S0 .50 12 15 1,5
(70 (7%
2 .05 0 24
‘ (147
3 .37

{21%)

' 5\ “—TOTAL PRESSURE RAKE AT FLAP MIDSPAN _

NORMAL TO TRAILING EDGE

/-FLAP TRAILING EDGE
-
/ L L 1 | 1 )
04 0 0.04 .08 042 016 0.20 0.24
{BOTTOM) (TOP)

DISTANCE FROM FLAP TRAILING EDGE, Y/C

(e) Comparison of nozzle flow impingement angle on pressure
distributions at the flap trailing edge. NSE nozzle

Figure 27 Conrinﬁed.
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RAKE PROBE PRESSURE RATIO, PTR/PAM

CURVE NOZILE FLAP FD AK/ANT ATE/ANT X/C ETA/B THETA FNPR SNPR

1 NR8 JH 2 .05 .20 .30 A2 .5 15

1.2
{70%) ) (7%
2 l l .35 1 J l
3 ! 90
E\ ~TOTAL PRESSURE RAKE AT FLAP MIDSPAN

NORMAL TO TRAILING EDGE

1.3 {

1aqk /—FLAP TRAILING EDGE

103 -

1-2 o

1.4 F

1.0 i i k A 1 g

-0.04 O Q.04 0.08 0.12 0.16 0.20 0.24
(BOTTOM) (TOP)

DISTANCE FROM FLAP TRAILING EDGE, y/c

(f) Comparison of nozzle exit location on pressure distributions
at the flap trailing edge. NR8 nozzle.

-Figure_r_27 Continued.
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RAKE PROBE PRESSURE RATIO, PTE/PAM

CURVE NOZZLE FLAP FD AK/ANT ATE/ANT X/C ETA/B THETA FNPR SNPR

1 NR4D JH 1.22 .04 16 35 .50 - .21 15 1.5
(70° (12%

2 "7 o4 16 .50

3 F‘F o .20 .35

4

o 20 50

g "TOTAL PRESSURE RAKE AT FLAP MIDSPAN

' NORMAL TO TRAILING EDGE
1.5’-

1.4 L /FLAP TRAILING EDGE

1.3

1.0 4 4 J

0.04 0 0.04 0.08 0.12 0.16 0.20 0.
(BOTTOM) (TOP)

DISTANCE FROM FLAP TRAILING EDGE, Y/C

(g) Comparison of nozzle exit location on pressure distributions
at the flap trailing edge. NR4D nozzle.

Figure 27 Continued.
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PT B/PAM

'RAKE PROBE PRESSURE RATIO,

CURVE NQZZLE FLAP FD AK/ANT ATE/ANT X/C ETA/B THETA FNPR SNPR

1 NR4 JH 1.22 .0S 0 .20 .50 .24 1.5 1.S
(70°) (14°)

2 J I 35 1

3. .50 _

LAP ‘MIDSPAN

TOTAL PRESSURE RAKE AT F
NORMAL TO TRAILING EDGE
1.5 p
o /—FLAP TRAILING EDGE
13 F
1.2
14 F
1.0 // ¥ '} I 1 | ]

-0.04 0 0.04 0.08 0.12 0.16 0.20 0. 24

(BOTTOM) (TOP)
DISTANCE FROM FLAP TRAILING EDGE, Y/C

(h) Comparison of nozzle exit location on pressure distributions
at the flap trailing edge. NR4 nozzle.

Figure 27 Continved.
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PTR/PAM

RAKE PROBE PRESSURE RAT)O,

NOZZLE FLAP ED AK/IANT ATE/ANT X/C EJA/B THETA FNPR SNPR

NR4D JH 122 .04 16 35 .50 .21 1.5 1.5
(70°) (12°)

%TOTAL PRESSYRE RAKE AT FLAP MIDSPAN
NORMAL TO TRAILING EDGE
1.5
1.4f | _——FLAP TRAILING EDGE

1.3

SIMULATED UPPER SURFACE DUCT
WITHOUT

1.2

141

1.0 L
-0.04 0] 0.04 0.08 0.12 0.16 0.20 0.24

(BOTTOM) (TOP)
DISTANCE FROM FLAP TRAILING EDGE, Y/C

(i) Comparison of simulated upper surface duct installation on
pressure distributions at the flap trailing edge.

lFigure 27  Continued.
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RAKE PROBE PRESSURE RATIO, PT B/ PAM

NOZZLE FLAP FD AK/ANT ATE/ANT x/C ETA/B THETA

, \ ~TOTAL PRESSURE RAK

E AT FLAP'MIDSPAN

1.5 !-

1.4

1'3

1.2

1.1

NR4D JH 122 .04 I .35 .50 .21

(70" (12*)

NORMAL TO TRAILING EDGE

/—FLAP TRAILING EDGE

ENPR SNPR_
1.2 1.2
1.3 1.3
1.4 1.4
1.5 1.5

1.0
-0.04 0 0.04 0.08 0.12 0.16 0.20 0.24
(BOTTOM) (TOP)

DISTANCE FROM FLAP TRAILING EDGE, Y/C

(i) Comparison of nozzle pressure ratio on pressure distribution
of the flap trailing edge .

Figure 27 Concluded.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION: NONE
I' NOzZZLE PR RUN
@ NSE 1.297 103
] NR8 1.307 104
< NR4 1.300 - 105
110 ANRLD. 1,298 104
100
FULL
SCALE Iz .
PNdB Sl s
- 90 25 _
500 FT. = - — ‘Q{Efk '
(152.4M) y.4 - N
P b7
80 -
70
~ DEG. 90 y
G (') | 30 45 GIO 7582.5 97t|'>05 I20 135 1950 l.IBO
RAD. O 1.0 2.0 30
AZIMUTH-G‘

0 M
SIDELINE o°
ELEVATION ANGLE gé

FLYOVER
Figure 28 Full scale sideline PNL of four slot nozzles.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 27812
FLAP CONFIGURATION: NONE
NOZZLE ~ _ NPR RUN
@ NSE 1,296 103
NR8 1,303 104
< NRr4 1.300 105
”O é\_umn 1,298 ]
100 5
CAE — = %
’ ] > S
PNdB r i e ey |
20 D S
' L LY S
500 FT. ; as
(152.4M ;ﬁf\r/
V17
80 74 J
70
DEG. O 30 45 &0 75_°'SO 'ios 120
. ' 8o & 92500 ’12 135 {50 ! IBQ
RAD- 0 I.O 2’0 3.0
AZIMUTH-6
0O
ELEVATION ANGLE SIDELINE 2800
FLYOVER 90"’5

Figure 29  Full scale flyover PNL of four slot nozzles.

84



HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

NAS 27812
MIC. NO.: 6 (8 =9g°) |
RUN NO.: NSE-103; NR8-104; NR4-105; NR4D- 106
CONFIGURATION: NOZZLE

ELEVATION ANGLE
00
SIDELINE  30°(4
60°03
FLYOVER  90°(]
110
100
FULL
L. : _ Tdin!
dB : —
500 FT. ‘ Z B
(s2.an) 0 o TAZEZ
©- NR4D -pi, —
I NRe A
2L
vt
60

Fys 400 50 GO0 700 800 SO0 100Q
] L |

Ws 150 200 300
NOZZLE(FLAP) EXHAUST VELOCITY

Figure 30  Full seale OASPL of four slgf nozzles as a function of
nozzle exhaust velocity; 90 qzimuth.
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'HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

MIC. NO.: 1 (bx 9] 012

RUN NO.: NSE-103; NR8-104; NR4-105; NR4D-106
CONFIGURATION: NOZZLE

o[l
SIDELINE 30°R
60°0
FLYOVER 90°[]
o
100
FULL
scalE 9©
OASPL
dB — =
is2.4) 80 _ -
" 7z
ONSE 7 }/
INNRS y &
ONR4D ; _
70 [NRe
ve
60 ' * —

F/s 400 500 GO0 700 800 900 1000

Mfs . 150 200 300
NOZZLEGFLAP) EXHAUST VELOCITY

Figure 31  Full scale OASPL of four slog nozzles as a function of
nozzle exhaust velocity; 150" azimuth
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HYRRID PROPULSIVE LIFT ACOUSTIC TEST
RUN NO: 104 NAS 2—78l12

CONFIGURATION: NR8 NOZZLE - - : MIC NO: 6, 11 (8 = 90°, 150°)
IELEVATION ANGLE
| o [
SIDELINE 30°P4
60°.8
FLYOVER 90°
9C
AL 80
SCALE NPR=1307
% 0B ‘ .
SPL
[ae] Y . ’,..n—g——'\'_‘: ] :
f-l 70 II N — “.( —
- dB _ ra. S —
MIC |1 - AN 7 " R M T
! pd N1/ ; - - -
(152.4M) ] : ) - LY
N TN
60 _ ~I- ~
N
. . . )
N AY
Ny
’ e A Y
h N LY
SN
50 : n
9 . : \ - Y

FREQ. 50 80 125 200 315 500 800 I25O ZOOO 3150 5000 )
HZ, 63 [00 160 250 400 630 1000 1600 4000 63086)0 0

Figure 32  Full SCCIle sndelme 1/3 OBSPL for aspect ratio 8 nozzle
at 90° and 150° azimuth.



HYBRID PROPULSIVE LIFT ACOUSTIC TEST

RUN NO: 103 NAS 2—78l2 o
CONFIGURATIO i4: NSE NOZZLE ‘ : MIC NO: 6, 11 (8 =90°, 150°,
ELEVATION ANGLE
0o O
SIDELINE  30° 4
6008
FLYOVER  90°
o0k
k-
L 80 o
SCALE NPR=1.297
5 0B :
SPL , — R N—
2 704: - — I/‘ , E—“‘: - e - "=—--h_
dB - MIC Il kA e -
‘ Pl N Y - [ Yy
L . E
500 FT. | oo T < ‘ =
(152.4M)
G0 S \\
Sy
N L
N kY
1
N 1
) LY
S50 \
AN
LY
l

— ' N
FREQ., 50 80 125 _ 200 35 500 800 1250 2000 3150 5000 8000
HZ. 63 100 G0 250 400 G630 1000 1600 2500 4000 6300

Figure 33  Full scale 5|dellne 1/3 OBSPL for o simulated engine
‘nozzle at 90° and 150° azimuth.



HYBRID PROPULSIVE LIFT ACOUSTIC TEST

RUN NO: 105 NAS 2—7812

CONFIGURATION: NR4 NOZZLE MIC NO: 6, 11 (8 = 90°, 150°)

ELEVATION ANGLE
c(d
SIDELINE 30° RQ
60° ()
FLYOVER 900 O
L 80
SCALE
4 0B -
SPL : NPR= 1,300
% 70 -
dB /, ="""": — — S
y P . ey ¥ .~
foo FL;A) MIC | 7 —}— — Mo e e 7o
152, 7 ~ ‘—-...“
MIC &6 = : =] T
GO — -
A"
—-“ \
S X
~ \
_ N \
N A Y
q ﬁ ~

FREQ. 50  8C 125 200 _ 3B 500 800 1250, 2000 350 5000 8000
HZ. 63 100 160 250 400 G630 1000 1600 2500 4000 6300

Figure 34  Full sca|e sudelme 1/3 OBSPL for aspect ratio 4 nozzle
at 90° and 150° azimuth,



HYBRID PROPULSIVE LIFT ACOUSTIC TEST

RUN NO: 106 NAS 27812

CONFIGURATIO M: NR4D NOZZLE MIC NO: 6, 11 (8 = 90°, 1509)

ELEVATION ANGLE
00 g
SIDELINE 30
60° 8
FLYOVER  90°
90
FuLL 8O
SCALE
/4 0B , ——
SPL NPR=298 =
3 70 e ——— e P —
dB - ~ - < P,
. ~ g
500 FT. A2 Z —— N
(152.40) | 2/ s — <
N 1 7 i e A
60F wic L/ £ ~c S
[ MIC6 ¥ — X
- _— AT
- LY
o A
50 —"\\ -
N \\
| 3 ' S
25 200 35 500 800 1250 2000 3150 5000

FREQ 5C 80 8000
HZ. 63 100 160 250 400 630 1000 1600 2500 4000 6300

Figure 35  Full scale sideline 1/3 OBSPLofor aspect ratio 4 nozzle
with deflector at 90° and 150° azimuth,



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-78i2

FLAP CONFIGURATION: JH LANDING - 70°

NOZZLE Sq=€y X y RUN NPR
© NR4D .063"/.253" 12° .35 0 431 }.303
[1 NR4D .032°/.284" 12° .35 0 143 1.306
ol ® NR4D .095"/.221" 12° .35 0 142 1.303
A NR4D 063" /0 12° .35 0 132 1.302
<O NR4D 095" /0 12° .35°0 139 1.302
I
100 ;'/
SCALE —=2 ; Py N ~
PNdB (ﬁ,‘
- 90 — o 0
500 FT. A
(152.4M)
80
NOMINAL THRUST SPLIT 94
NOZ E E
70 O S2.7 317E9 L
L] s22 4.8 43.0
O s1.3 146 341
A 81.0- 19.0 o
O 754 246 o
DEG. O 0O 45 G0 75 90 | 20 S0 80
' 3 '_782.59705: I35| lI
RAD. O 1.0 20 30
AZIMUTH~0
0

SIDELINE 30°
ELEVATION ANGLE Q

603
FLYOVER 90

'Fi.gure 36  Full scale sideline PNL; comparison of five JH flap knee-

TE slo’r configurations, aspect ratio 4 nozzle with-deflector,

70° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-78l2
FLAP CONFIGURATION:  JH LANDING - 70°
NOZZLE SOy X ¥ RUN NPR
O NR4D  ,063"/.253" 12° .35 0 431 1,303
A NR4D 063" /0 12° .35 0 132 1.306
ol NNR4D 063"/, 126" /0+12°.35 0 254 [1.308
A@NMD .063"/.,063"/0*12°,35 0 25911.309
*LOWER SLOT SEALED _
‘OO 7 .1‘]—-—?1\ 1
FULL G ] ~g .
SCALE . ’e “Qt{.,_ —
PNdB I/ i A\Y J
a0 o
- < X
500 FT. . i\
(152,4M)
80
NOMINAL THRUST SPLIT /3
NOZ KNEE  TE
70 O . s2.7 9.4 37.9
D 810  19.0 0
D e3.8 12.1 '24.1
J Q 708" 14.8 14.6
— — ! 1 i i ;
DEG. O 30 45 G0 75 '90 |05 20 180
‘ I 82.5 975 I I35 [
RAD. O 1.0 2.0 30
AZIMUTH-6
NS
SIDELINE 30°
ELEVATION ANGLE &0° g
FLYOVER  90°

Figure 37  Full scale sideline PNL; comparison of four JH flap TE slot

configurations wnfh constant knee slot, aspect ratio 4 nozzle
with deflector, 70° flap angle.
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FLAP CONFIGURATION:  JH LANDING - 70°, WITH NO USB
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Figure' 38  Full scale radial PNL; comparison of six JH flap knee - TE
“slot configurations, no upper surface blowing, 70° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST
NAS 2-78i2
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Figure 39  Full scale sideline PNL; comparison of five Flex Flap TE

slot configurations, aspect ratio 4 nozzle with deflector,
70° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-78i2
FLAP CONFIGURATION:  JH LANDING - 70°
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Figure 40 Full scale sideline PNL for the aspect ratio 4 nozzle with
deflector and JH flap with knee blowing; 70° flep angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812 .
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Figure 41 Full scale sideline PNL for the aspect ratio 4 nozzle w:th
deflector and JH flap with knee blowing; 70° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST
NAS 2-7812

FLAP CONFIGURATION: JH LANDING - 70°
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Figuré 42  Full scale sideline PNL for the aspect ratio 4 nozzle with
deflector and JH flap with knee blowing; 70° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 27812
FLAP CONFIGURATION: JH LANDING - 70°
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Figure 43 Full scale flyover PNL for the aspect ratio 4 nozzle with -
deflector and JH flap with knee blowing; 70° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

NAS 2-78i2
MIC. NO.: 6, 11(6 = 05, 150°)
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¥a
SIDELINE  30°[4
40°]
FLYOVER 90°(]
1[o]
100 -
| 7
I [
..’ /" -~
SCALE 2= e =
OASPL //_V P /’-
dB MIC T
P v
500 Ft. 71T
(152.4M) 80 : MiCe —
v
70
G0

F1/s 400 500 GO0 700 8009001900

M/S , 150 200 300
- NOZZLE(FLAP) EXHAUST VELOCITY

Figure 44 Full scale sideline OASPL at 90° and ]500 azimuth for the

aspect raﬁoo4 nozzle with deflector and JH flap with knee
blowing; 70~ flap angle 99




HYBRID PROPULSIVE LIFT
| ACOUSTIC TEST

NAS 27812
MIC. NO.: 6, 11(8 = 909, 150°)
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Figure 45  Full scale flyover OASPL at 90° and 150° azimuth for the

aspect rafioo4 nozzle with deflector and JH flap with knee
blowing; 70~ flap angle. 100




HYBRID PROPULSIVE LIFT ACOUSTIC TEST
RUN NO: 132 NAS 2—78I12
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Figure 46 Full scale sideline 1/3 OBSPL at 90° azimuth for the aspect ratio 4
nozzle with deflector and JH Flap with knee blowing; 70° flap angle.



HYBRID PROPULSIVE LIFT ACOUSTIC TEST
RUN NO: 132 NAS 2—78l2
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Figure 47 Full scale sideline 1/3 OBSPL at 150° azimuth for the aspéct ratio 4
nozzle with deflector and JH flap with knee blowing; 70~ flap angle.



HYBRID PROPULSIVE LIFT ACOUSTIC TEST
RUN NO: 132 NAS 2—78!2
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Figure 48 Full scale flyover 1/3 OBSPL at 90° azimuth for the cspecr ratio 4
nozzle with deflector and JH flap with knee blowing; 70° flap angle.



HYBRID PROPULSIVE LIF T ACCUSIIC T1ESI
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Figure 49 Full scale flyover 1/3 OBSPL at 90° azimuth for the aspect ratio 4

nozzle with deflector and JH flap with knee blowing; 70° flap angle.



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812

FLAP CONFIGURATION: JH TAKEOFF - 30°
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Figure 50 Full scale sideline PNL for the aspect ratio 4 nozzle with
deflector and JH flap with knee blowing; 30° flap angle.

105



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION: JH TAKEOFF - 30°
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Figure 51 Full scale sideline PNL for the aspect ratio 4 nozzle with

deflector and JH flap with knee blowing; 30° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST
NAS 2-7812

FLAP CONFIGURATION:  JH TAKEOFF - 30°
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Figure' 52  Full scale sideline PNL for the aspect ratio 4 nozzle with
' deflector and JH flap with knee blowing; 30° flap angle.
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'HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-78l2
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Full scale flyover PNL for the aspect ratio 4 nozzle with

Figure 53
: deflector and JH flap with knee blowing; 30° flap angle.
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" HYBRID PROPULSIVE LIFT
"~ ACOUSTIC TEST

NAS 2--78|
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Figure 54 Full scale sideline OASPL at 90° and 150° azimuth for the
aspect ratio 4 nozzle with deflector and JH flap with knee

blowing; 30° flap angle. 109




"HYBRID PROPULSIVE LIFT
- ACQUSTIC TEST
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Figure 55 Full scale flyover OASPL at 90° and 135° azimuth for the
, aspect ratio 4 nozzle with deflector and JH fiap with knee
blowing; 30° flap angle. 10




HYBRID PROPULSIVE LIFT ACOUSTIC TEST
RUN NO: 178 NAS 27812
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Figure 56 Full scale flyover 1/3 OBSPL at 90° azimuth for the aspect ratio 4
nozzle with deflector and JH flap with knee blowing; 30° flap angle



HYBRID PROPULSIVE LIFT ACOUSTIC TEST
RUN NO: 178 NAS 2—78l2
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Figure 57 Full scale flyovér 1/3.OBSPL at 105° azimuth for the aspect ratio 4
nozzle with deflector and JH flap with knee blowing; 30° flap angle.



HYBRID PROPULSIVE LIFT
ACOUSTIC TEST
NAS 27812

FLAP CONFIGURATION: JH LANDING - 70° -

NOZZLE  Sype®y X ¢ RUN
NR8 .063"/.253% 7° .350 120
o | =
SCALE [ 1.508 - : ' —
PNdB | -
90; 1.305 =
500 FT.
(152.4M)
8
70 " NOMINAL THRUST SPLIT 94 -
- NOZ KNEE TE :
T 62.3 7.5. 0.2
DEG. 0 30 45 60 75 50 goa 20 135 150 180
| ] | :
RAD. O 10 2 | 30
AZIMUTH-6
0
SIDELINE 30
ELEVATION ANGLE “0° g
FLYOVER  90°

" Figure 58 Full scale sideline PNL for the aspect ratio 8 nozzle and JH
' ' flap with knee and TE blowing; 70° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-78l12
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Figure 59

Full scale flyover PNL for the aspect ratio 8 nozzle and JH
flap with knee and TE blowing; 70 flap angle.
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'HYBRID PROPULSIVE LIFT
- ACOUSTIC TEST

NAS 2-78i12
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Figure 60 Full scale sideline OASPL at 90° azimuth for the aspect ratio
' 8 nozzle and JH flap with knee and TE blowing; 70~ flap angle.
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HYBRID PROPULSIVE LIFT ACOUSTIC TEST
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Figure 61  Full scale sideline 1/3 OBSPL at 90° azimuth for the aspect ratio
8 nozzle and JH flap with knee and TE blowing; 70° flap angle.



HYBRID PROPULSIVE LIFT
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Figure 62 Full scale sideline PNL for_the aspect ratio 8 nozzle and JH
: flap with knee blowing; 30° flap angle.
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ACOUSTIC TEST
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Figure 63 - Full scale flyover PNL for ﬁ'le aspect ratio 8 nozzle and JH

HYBRID PROPULSIVE LIFT

flap with knee blowing; 30° flap angle.
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HYBRID PROPULSIVE LIFT
- ACOUSTIC TEST
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Figure 64 Full scale sideline OASPL at 90° azimuth for the aspect

ratio 8 nozzle and JH flap with knee blowing; 30° flap
angle. 119
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RUN NO: 192 NAS 2—78l12
CONFIGURATIO N: NR8 NOZZLE, JH TAKEOFF - 30° | MIC NO: 6 (8 = %0°)
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Figure 65 Full scale sideline 1/3 OBSPL at 90° azimuth for the aspect ratio 8
nozzle with deflector and JH flap with knee blowing; 307 flap angle,



HYBRID PROPULSIVE LIFT

- ACOUSTIC TEST
NAS 2-78i2
FLAP CONFIGURATION:  JH LANDING - 70°
NOZZLE S ® X 9 RUN
NR4 063/0 21° .35 0 169
1O
FAhN —
z \_,_-'_/
100 /I ‘
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SCALE | NPR T=7 7N — e —
PNdB E 1.514 *’l ,/
20| =—
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| L I |
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0 [}
SIDELINE 300
ELEVATION ANGLE 60° g
FLYOVER  %0°

Figure - 66  Full scale sideline PNL for the aspect ratio 4 nozzle and JH'
flap with knee blowing; 70° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST
NAS 2-7812

FLAP CONFIGURATION:  JH LANDING - 70°

NOZZLE _S_mﬂ-gﬂ ‘)_(_lRUN
NR4 .063"/0 21° 350 169
lio
b S _,4_-=_b\
N 3l \T\
100f —
UL FNPR A e e
SCALE | 1512 #£ ‘// =
PNdB | -Z
90F 1.310 &
500 FT. — l
(152.4M)
80
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; , 7582.5 97lO5 [|20 135 I5O [IBO
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0 ]
ELEVATION ANGLE SIDELINE ggoé
FLYOVER 90

Figure 67  Full scale flyover PNL for the cspecf ratio 4 nozzle and
JH flap with knee blowing; 70° flop angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

NAS 27812
MIC. NO.: 6, 10 (8 =90, 135°)
RUN NO.: 169

CONFIGURATION: NR4 NOZZLE, JH LANDING - 70°
[ELEVATION ANGLE
o0
SIDELINE  30°R
60°03
FLYOVER 0°3
1O ,
100 :
Z
. P
; MIC IO — ~
FULL 90 : —
LE- NIC 6 37 >
OASPL. . —
dB |
500 FT Ve =
as2.4vy 80
70
60

F/s 400 500 GO0 700 800 SO0 1000

M/s 150 200 300
NOZZLE(FLAP) EXHAUST VELOCITY

Figure 68 Full scale sideline OASPL at 90° and 135%azimuth for the
aspect ratio 4 nozzle and JH flap with knee blowing; 70°
flap angle. 123




CONFIGURATIO e

HYBRID PROPULSIVE LIFT ACOUSTIC TEST
RUN NO: 169

NAS 2—7812

NR4 NOZZLE, JH LANDING - 70°

MIC NO: 6, 10 (8 = 90°

144}

ELEVATION AmuLE
SIDELINE 008
60° 0]
90 FLYOVER 90003
' NPR=1,3/3
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SCALE AN =i
5 0B = MIC 6 = SN
SPL = e
70 A PSR s W s
dB ~ = \::'__
500 FT. Ml T
(152.4M) \%.u:;\
60 =%
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\\\\
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e
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FREQ., 50 80 125 200  3I5 =00 800 250 2000 3i50_ 5000 8000
HZ. 63 IC0 160 250 400 630 1000 1600 23500 4000 6300
Figure 69 Full scale sideline 1/3 OBSPL at 90° and 135° aznmufh for the aspect

ratio 4 nozzle and JH flap with knee blowing; 70° flap angle.
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HYBRID PROPULSIVE LIFT

- ACOUSTIC TEST
NAS 27812
FLAP CONFIGURATION: JH TAKEOFF - 30‘5
NOZZLE S8y X ¢ RUN
NR4 063"/0 21° .35 0 18
1O
——
100 — < _—
SChE e =S
C " = 1= Se
PNaB. | NER 1= =1 S
9O0F 1519 FE=m— , nw
‘ - // \\
500 FT. [ Z - <
(152.4mf - 1+308 7 -
80
70 NOMINAL THRUST SPLIT A
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l 30 45 G:) 7582.5 97105 lI20 |35 (S0 ||80
RAD. O 1.0 20 30
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0O
SIDELINE 300
ELEVATION ANGLE 50° é
FLYOVER  50°

Figure 70  Full scale sideline PNL for fhe aspect ratio 4 nozzle and
JH flap with knee blowing; 30° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
'FLAP CO.N.F[GURATION: JH TAKEOFF - 30°
NOZZLE  Sqre®y Xy RUN
NR4 ,063"/0 21° .35 0 187
110
,/ — \‘
IOO - /I/ — n -%‘\ \\\
FULL N Sa— N ——
SCALE i —N-P—R—- /// Y/f/ ‘\\ 1 "
PNdB L 115 -
90: ',/I X‘u
- 1,312
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80
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1
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FLYOVER

Figure 71  Full scale flyover PNL for the Jspect ratio 4 nozzle and
JH flap with knee blowing; 30° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 27812
MIC, NO.: 6, 8 (8 =90, 105)
RUN NO.: 187 ‘
CONFIGURATION: NR4 NOZZLE JH TAKEOFF - 30°

LEVATION ANGLE
o
SIDELINE  30°K
60°0]
FLYOVER 90°[)
110
100
FULL 90 ;',’1 0
SCALE ' MIC8 5
OASPL ' M||c 6 T—A—t
d B ‘ 'VG
500 FT. 80
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l |

|

M/s 150 200 300
NOZZLE(FLAP) EXHAUST VELOCITY

Figure 72  Full scale sideline OASPL at 90° and 105° azimuth for the |
aspect ratio 4 nozzle and JH flap with knee blowing; 30°

flap angle. 127




CONFIGURATIG i:

HYBRID PPOPULSIVE LIFT ACOUSTIC TEST
RUN NO: 187

NAS 2—78l2
NR4 NOZZLE, JH TAKEOFF - 30°

MIC NO: 6, 8 (8 = 90°

ELEVATICIN ANGLE

o O
SIDELINE  30°
60: 8
90 FLYOVER 90 —
FLH_L 80 — — PR= |43QB
508 A
SPL -"/ N
_ 70 —— .
s dB N S e P MIC 8
500 FT \T-ﬂht::&' —
(152.4}~A) MIC 6 = — .
GO a
\
\\\\f‘_—
50 ALY
FREQ \ 00 X 505000 80001Fl
, 80 25 2 315 500 800 1250 2000 310 500
HZ, 63 00 IGO0 250 400 6320 I(ID IGOO 2500 4000 6300
Figure 73 Full scale sideline 1/3 OBSPL at 90° and 105° c12|murh for the aspect

ratio 4 nozzle and JH flap with knee blowing; 30° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-78i2
FLAP CONFIGURATION:  JH TAKEOFF - 30°
| NOZZLE Sge®y X y RUN
NSE 0630 21° .35 0 188
IO
o e E—
—+ —~
IOO /7* \\ _
FULL ; ——= oy v
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. E ,/1 X
~ 1.309
500 FT.
(152,4M)
80
70 —- e S
NOMINAL THRUST SPLIT %
: NOZ KNEE TE
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Figure 74  Full scale sideline PNL for fhe simulated engine nozzle and
JH flap with knee blowing; 30° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

NAS 2—-78l12
FLAP CONFIGURATION:  JH TAKEOFF - 30°
NOZZLE  Sure®y Xy RUN
NSE .063'/0 21° .35 0 188
110 o —
\\
:’/ : \
:l' /]/ — =] f\\*\ \ﬂ\\
100} NPR — T e —
FULL | i =
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o O
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Figure 75

Full scale flyover PNL for the mmulated engine nozzle and
JH flap with knee blowing; 30° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

MIC. NO.: g\l(éiog)—-TBIZ
RUN NO.: 188 |
CONFIGURATION: NSE NOZZLE, JH TAKEOFF - 30°
mg%ﬁ
SIDELINE  30°[d
60°3
FLYOVER  90°[]
Ho
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FUL ' —==
L , =
scalE 20 —
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, 1 1 l
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Figure 76  Full scale sideline OASPL at 90° azimuth for the simulated
engine nozzle and JH flap with knee blowing; 30° flap

angle. 131




HYBRID PROPULSIVE LIFT ACOUSTIC TEST

AN

RUN NO: 188 NAS 27812
CONFIGURATIO M: NSE NOZZLE, JH TAKEOFF - 30° ‘ MIC NO: 4 (8 = 90°)
ELEVATION AMGLE |
0 4
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Figure 77 Full scale sideline 1/3 OBSPL at 90° czmuth for the simulated engine
nozzle and JH flap with knee blowing; 30° flap angle.



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-78I2
FLAP CONFIGURATION: FF LANDING - 70°
NOZZLE S, 8y X ¥ RUN
NR4D J158/0* 12° .350 212
*Lower Slot Sealed
1Je;
SFCUADI\_tE ' X //I‘r// — \?
i ' 7 Z 4"__} ‘h—_ =
Pnd | MR A== _
oob 149 v’l; /,‘ .
B T I e e s i i
. o i o~
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Figure 78  Full scale sideline PNL for the aspect ratio 4 nozzle with
deflector and Flex Flap with upper TE blowing; 70° flap
angle.
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HYBRID PROPULSIVE LIFT

Figure 72  Full scale sideline PNL for the aspect ratio 4 nozzle with

deflector and Flex Flap with upper TE blowing; 70° flap
nozzle. 134

ACOUSTIC TEST
NAS 27812
FLAP CONFIGURATION:  FF LANDING - 70°
NOZZLE Sy 8y X y RUN
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HYBRID PROPULSIVE LIFT

Figure 80  Full scale sideline PNL for the aspect ratio 4 nozzle with
deflector and Flex Flop with upper TE blowing; 70° flap

angle. 135

ACOUSTIC TEST
NAS 2-78l2
FLAP CONFIGURATION:  FF LANDING - 70°
NOZZLE Sr¢ &y Xy RUN
NR4D  .158"/0* 12° .350 212
* LOWER SLOT SEALED
1o -
100 -
FULL //' b S
SCALE y e R -
PNdB ! /,1 P N \1\
LA Py S, NN
90f NPR e A
( [ A //' A - N \\\ //'
500 FT. | 1427 ¥ ZIZ == .
sz B 1400 '// y; —- < - \'\,\\ ’7&—
- : 7 7 7 Y N
BOL 1.301 < — —
: - =
F 1,201 3% =
70 NOMINAL THRUST SPLIT 9%
~ NOZ KNEE 1E
69. 0 31,
DEG. O 30 45 G0 75 ¢ £05 20 35 B0 180
t 97 [ |
RAD. O 1.0 20 30
AZIMUTH-6
0 O
SIDELINE  30°
ELEVATION ANGLE wog
FLYOVER 90



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION:  FF LANDING - 70°
NOZZLE Sy Oy X g RUN
NR4D .158/0 12° .35 0 212
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Figure 81  Full scale flyover PNL for the aspect ratio 4 nozzle with

deflector and Flex Flap with upper TE blowing; 70° flap
anglea 136



HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

NAS 27812
MIC. NO.: 6 (=909
RUN NO.: 212 |
CONFIGURATION: NR4D NOZZLE, FF LANDING - 70°
TIEVATION ANGLE
o0
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60°C3
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Figure 82 Full scale sideline OASPL at 90°'uzim,uth for the aspect
' ratio 4 nozzle with deflector and Flex Flap with upper TE
. blowing; 70° flap angle. 137
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST

NAS 27812
MIC. NO.: 6 (8 = 90°)
RUN NO.: 212
CONFIGURATION: NR4D NOZZLE, FF LANDING - 70°
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Figure 83 . Full scale flyover OASPL at 90° azimuth for the aspect
ratic 4 nozzle with deflector and Flex Flap with upper
TE blowing; 70° flap angle. 138




HYBRID PROPULSIVE LIFT ACOUSTIC TEST
RUN NO: 212 NAS 2—78l2

CONFIGURATIO N:  NR4D NOZZLE, FF LANDING - 70° MIC NO: 6 (8 = 90%)
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Figure 84 Full scale sideline 1/3 OBSPL at 90° azimuth for the aspect raho 4
nozzle with deﬂector and Flex Flap with upper TE blowing; 70° flap angle,



HYBRID ﬁROPULSIVE LIFT ACOUSTIC TEST
RUN NO: 212 NAS 2—78I12

CONFIGURATION: NR4D NOZZLE, FF LANDING - 70° | MIC NO: 6 (8 = 90°)
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Figure 85 Full scale flyover 1/3 OBSPL at 90° azimuth for' the aspect ratio 4 nozzle
' with deflector and Flex Flap with upper TE blowing; 70" flap angle



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION:  FF TAKEOFF - 30°
NOZZIE Sy 8 X y§ RUN
| ~rap L1580 12° L35 0 263
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Figure 86 Full scale sideline PNL for the aspect ratio 4 nozzle with
deflector and Flex Flap with upper TE blowing; 30° flap

angle.
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HYBRID PROPULSIVE LIFT

ACQUSTIC TeST
NAS 2-7812
FLAP CONFIGURATION:  FF TAKEOFF - 30°
NOZZLE S, 8y X y RUN
NR4D  .158"/0* 12° .35 0 263
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Figure 87 Full scale sideline PNL for the aspect ratio 4 nozzle with
deflector and Flex Flap with upper TE blowing; 30° flap
angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION:  FF TAKEOFF - 30°
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Figure 88 Full scale sideline PNL for the aspect ratio 4 nozzle wi th
deflector and Flex Flap with upper TE blowing; 30° flap

angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION: FF TAKEOFF - 30°
NOZZLE S, &y Xy RUN
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Figure 89 Full scale flyover PNL for the aspect ratio 4 nozzle with
deflector and Flex Flap with upper TE blowing; 30° flap

angler
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HYBRID PROPULSIVE UFT
ACOUSTIC TEST

S 2—
MIC. NO.: ygcho%) 7812
RUN NO.: 263
CONFIGURATION: NR4D NOZZLE, FF TAKEOFF - 30°
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Figure 90 Full scale sideline OASPL at 90° azimuth for the aspect
ratio 4 nozzle o‘wiH’l deflector and Flex Flap with upper
TE blowing; 30~ flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

MIC. NO.: 'g’éé s'vgc')_?aIZ
RUN NO.: 263

CONFIGURATION: NR4D NOZZLE, FF TAKEOFF - 30°
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Figure 9! Full scale flyover OASPL at 90° azimuth for the aspect

ratio 4 nozzle with deflector and Flex Flap with upper
TE blowing; 30° flap angle. 146



RUN NQO: 263

HYBRID PROPULSIVE LIFT ACOUSTIC TEST
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Figure' 92

Full scale sideline 1/3 OBSPL at 90° azimuth for the aspect ratio 4 nozzle
with deflector and Flex Flap with upper TE blowing; 30" flap angle.




HYBRID PROPULSIVE LIFT ACOUSTIC TEST
RUN NO: 263 NAS 2—7812

CONFIGURATIO M: NR4D NOZZLE, FF TAKEOFF - 30° ‘ MIC NO: 6 (8 = 90°)
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Figure 93 Full scale flyover 1/3 OBSPL af 90° azimuth for the asgec'r ratio 4 nozzle
with deflector and Flex Flap with upper TE blowing; 30" flap angles



HYBRID PROPULSIVE LIFT
ACOUSTIC TEST
NAS 2—-7812

FLAP CONFIGURATION: FF LANDING - 70°
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Figure 94 Full scale sideline PNL for the aspect rc:'rlo 8 nozzle

and Flex Flap with upper TE blowing; 70° flap angler
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 27812
FLAP CONFIGURATION: FF LANDING - 70°
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Figure 95 Full scale flyover PNL for the aspect ratio 8 nozzle

and Flex Flap with upper TE blowing; 70° flap angle,
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2782
MIC. NO.: 6, 9 (8 = 90°, 1209
RUN NO.: 217
CONFIGURATION: NR8 NOZZLE, FF LANDING - 70°
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Figure 96 Full scale sideline OASPL at 90° and 120° azimuth for
the aspect rgﬁo 8 nozzle and flex flap with upper TE
blowing; 70~ flap angle. 135y




HYBRID PROPULSIVE LIFT ACOUSTIC TEST

RUN NO: 217 NAS 2—78l2

CONFIGURATIC 1 +: NR8 NOZZLE, FF LANDING - 70° MIC NO: 6, 9 (6 =90°, 120°)
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Figure 97 Full scale sideline 1/3 OBSPL at 90° and 120° ammuth for the aspect ratio
8 nozzle and Flex Flap with upper TE blowing; 70° flap angle.



HYBRID PROPULSIVE LIFT

Flex Flap with upper TE blowing; 30° flap angle.
153

ACOUSTIC TEST
NAS 2-78i2
FLAP CONFIGURATION: FF TAKEOFF - 30°.
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Figure 98 Full scale sideline PNL for the aspect ratio 8 nozzle and



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION: FF TAKEOFF - 30°
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Figure 99 Full scale flyover PNL for the aspect rczﬂo 8 nozzle

and Flex Flap with upper TE blowing; 30° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

NAS 27812
MIC. NO.: 6 (8 =50
RUN NO.: 282
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Figure 100 Full scale sideline OASPL at 90° azimuth for the
aspect rqfi008 nozzle and Flex Flap with upper TE
blowing; 30~ flap angle. 155




HYBRID PROPULSIVE LIFT ACOUSTIC TEST

RUN NO: 282 NAS 2—78I12
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Figure 101 Full scale sideline 1/3 OBSPL at 90° cziénu’rh for the aspect ratio 8 nozzle
and Flex Flap with upper TE blowing; 30" flap angle.



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 27812
FLAP CONFIGURATION: FF LANDING - 70°.
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Figure 102  Full scale sideline PNL for the aspect ratic 4 nozzle and ‘

Flex Flap with upper TE blowing;: 70° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST
NAS 2-78i2

FLAP CONFIGURATION: fFF LANDING - 70°
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Figure 103  Full scale flyover PNL for the aspect ratio 4 nozzle and
Flex Flap with upper TE blowing; 70° flap anglee
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" HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

NAS 27812
MIC. NO.: ¢ (8 = 90°)
RUN NO.: 24

CONFIGURATION: NR4 NOZZLE, FF LANDING - 70°
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Figure 104  Full scale sideline OASPL ot 90° Azimuth for the aspect :
ratio 4 nozzle and Flex Flap with upper TE blowing; :
70° flap angle. 159




HYBRID PROPULSIVE LIFT ACOUSTIC TEST

RUN NO: 24] NAS 27812
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Figure 105  Full scale sideline 1/3 OBSPL at 90° c:znnurh for the aspect ratio 4 nozzle
and Flex Flap with upper TE blowing; 70° flap angles



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-78l2
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Figure 106
: Flex Flap with upper TE blowing; 30° flap angle.’
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Full scale sideline PNL for the cspecf ratio 4 nozzle and .



HYBRID PROPULSIVE LIFT
ACOUSTIC TEST
NAS 2-7812

FLAP CONFIGURATION: FF TAKEOFF - 30°
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Figure 107  Full scale flyover PNL for the aspect ratio 4 nozzle and

Flex Flap with upper TE blowing; 30° flap angler
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

NAS Z-ZSIZ
MIC. NO.: 4, 8 (8 = %0°, 105°)
RUN NO.: 269 .
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Figure 108  Full scale sideline OASPL at 90° and 105° azimuth for
the aspect rgﬁo 4 nozzle and Flex Flap with upper TE
blowing; 30" flap angle. 163




HYBRID PROPULSIVE LIFT ACOUSTIC TEST

RUN NO: 269 NAS 2—78l12
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* Figure 109  Full scale sideline 1/3 OBSPL at 105° cmmufh for the aspect ratio 4 nozzle
and Flex Flap with upper TE blowing; 30° fiap angle.



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 27812
FLAP CONFIGURATION: FF LANDING - 70°
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Figure 110 Full scale sideline PNL for the simulated engine nozzle
and Flex Flap with upper TE blowing; 70° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TESI -
NAS 2—-78i2
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Figure 111 Full scale flyover PNL for the simulated engine nozzle
and Flex Flap with upper TE blowing; 70° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

NAS 27812
MIC. NO.: 7 (0 = 97.5°%)
RUN NO.: 244
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Figure 112 Full scale sideline OASPL at 97. 5° azimuth for the
simulated erbgme nozzle and Flex Flap with upper TE
blowing; 70 flap angle. V67




HYBRID PPRCRULSIVE LIFT ACQUSTIC TEST
RUM NO: 244 NAS 27812
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A CTESImII e OTUETII g o =2 ) T e Sride &

JELEVATIGN 7 1wl 2 ; ——————— RSD S Mt ittt T Wit s
; 0 O : i 3 -
| SiELL B o . i s — i
s R — ! :
ot FLYOVER 007 0 = i i | 'f
4;\_ i - - ....., | g A R e PP -
o= : S~ —
! "L .\
| NPR L o St e IS
Dl V=l ~ . —
: L) %4 P~ g Gl T o
ap!1-503 24 < - N T S s et a— o
(oLl BV 1,399 o it S i e S WS Wi ¢ waald N Ay
~AL D & -1 : LT S . N —t FIN i
V\,/f‘,LE. i 1.301 L Iy, g '\ \ |
| N CE A €A T W . !
% OR r ol Y ¥ —n—_,}’m—
~ b i | , 1 - 1 —
i ‘ S N Ty
?‘C : N '% E | { = 4 \\ S O \‘
— F T e R T e ST T ‘y__;n:' e et - ; \
g dB ) - \‘\\ ‘\ \'
NN
500FT. A
g A
(1524 § —— W
3 3 ¥
GOE I , WAL
e A VA A
' TS
\
o 1 LY
A\
N
; ,.. A
50 i | : ‘\3
T 0 507Te0T es T 200 EST ORISTTENG . EED ZOTT AL0 T ELL) FRDO
i - o oI=Y aC0S = T ey T RSy Y Ay ey
HZ, ¢z 100 60 250 4C0 630 100D i6G0 £500 4000 Il

Figure 113 Full scale sideline 1/3 OBSPL at 97.5° azimuth for the simulated engine
nozzle and Flex Flap with upper TE blowing; 70° flap angle.



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
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Figure 114  Full scale sideline PNL for the simulated englne nozzle
and Flex Flap with upper TE blowing; 30° flap angle,
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2—-78l2
FLAP CONFIGURATION:  FF TAKEOFF - 30°
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Figure 115 Full scale flyover PNL for the simulated engme nozzle

and Flex Flap with upper TE blowing; 30° flap angle
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

NAS 27812
MIC. NO.: 8 (8 = 105°)
RUN NO.: 289
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Figure 116  Full scale sideline OASPL at 105° azimuth for the
simulated enginoe nozzle and Flex Flap with upper
TE blowing; 30~ flap angle.
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HYBRID PROPULSIVE LIFT ACOUSTIC TEST

RUN NO: 289 NAS 2—78I12
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O
Full scale sideline 1/3 OBSPL at 105° crzoimuth for the simulated engine nozzle
and Flex Flap with upper TE blowing; 30~ flap angle
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION: JH LANDING - 70°
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Figure 118 Full scale sideline PNL for the aspect ratio 4 nozzle with deflector
and JH flap, USB only; 70° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2—-7812
FLAP CONEIGURATION: JH LANDING - 70°
NOZZLE  Sere®y  X_ ¥ RUN
NR4D .063"/012° .35 0 132
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Figure 119 Full scale flyover PNL for the aspect ratio 4 nozzle with deflector
and JH flap, USB only; 70° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST

NAS 27812
MIC. NO.: 19, 11 (8=135°, 150%)
RUN NO.: 133
CONFIGURATION:  NR4D NOZZLE, JH LANDING - 70°

ELEVATION ANGLE
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Figure 120 Full scale sideline OASPL at 1350 and 1509 azimuth for the aspect
ratio 4 nozzle with deflector and JH flap, USB only; 70~ flap angle.
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HYBRID PROPULSIVE LIFT ACOUSTIC TEST
RUN NO: 133 NAS 2—78l2

CONFIGURATIOM:  NR4D NOZZLE, JH LANDING - 70° | MIC NO: 11 (8 = 150°)
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Figure 121 - Full scale sideline 1/3 OBSPL at 150° azimuth for ﬂ'ne aspect ratio

4 nozzle with deflector and JH fiap, USB only, 70° flap angle.



HYBRID PROPULSIVE LIFT
ACOUSTIC TEST '
NAS 2-7812

FLAP CONFIGURATION:  JH TAKEOFF - 30°

NOZZLE S, 8y X g RUN
NR4D 0637 12° .35 0 177
1o NPRg=1,0
100 e
FULL | o —
SCALE | ‘ =1 _ S -
PNdB [ NPR — — ™~
90f T = et e ——
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v - —* N
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l ' 022 92|50£"> lIZO 135 150 | l804
RAD. O 1.0 | 20 - 30
AZIMUTH-8 |
| s 0 O
" ELEVATION ANGLE IDELINE 230
FLYOVER  90°
| Figure 122 . II;;iII_scc-lle sideline PNL for the aspect ratio 4 nozzle

with deflector and JH flap, USB only; 30° flap angle,
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION:  JH TAKEOFF - 30°
NOZZLE  Sgpe @4 Xy RUN
NR4D .063% 12° .35 0 177
1O NPRg=LO
—a — <
100 = s
FlJLL E NPR Vi - - ;""""#!K:\ .\\
PNdB [ [ Z \. ‘\\
90§ = :
3 7
S500FT. | 1.308 4=
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: “piors 01
RAD. O 10 20 30
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' 0
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FLYOVER 90°
Figure 123 - Full scale flyover PNL for the aspect raho 4 nozzle

with deflector and JH flap, USB only; 30° flap angle.

178



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 27812
MIC. NO.:  6(8 = 90°)

RUN NO.: 177
"CONFIGURATION:  NR4D NOZZLE JH TAKEOFF - 30°

EVATION ANGLE
~ o
SIDELINE  30°Bd
60°03
FLYOVER . 90°]
no
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CFULL . Z
S > ' e
dB MiIC ;i
500 FT.
(1524M) 80 .
70
60
FI/s 400 500 GO0 700 800 900 1000
' [ i
M/s 150 200 200
NOZZLE(FLAP) EXHAUST VELOCITY
- Figuf'e 124 - Full scale sideline OASPL at 90° azimuth for the qspecf ratio 4

nozzle with deflector and JH flap, USB only, 30° flup angle.
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HYBRID PROPULSIVE LIFT ACOUSTIC TEST

RUN NO: 177 NAS 27812 i
CONFIGURATIOM:  NR4D NOZZLE, JH TAKEOFF - 30° | MIC NO: 6(@ = 90°)

08l
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60° [
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L 80 |
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HZ," 63 100 160 250 400 630 1000 [600 2500 4000 6300

Full scale sideline 1/3 OBSPL at 90° azimuth for fhe aspect ratio

: Figure 125 -
: 4 nozzle with deflector and JH flap, USB only; 30° flap angle.



HYBRID PROPULSIVE LIFT
ACOUSTIC - TEST -
NAS 2-7812

FLAP CONFIGURATION:  FF LANDING - 70°

NOZZLE Sy EB X ¢ RUN
NR4D  .316" 12° .35 0 210
NPRg=1.0
110 E-
lOO }/"‘:'_"‘-r-.:
o
SCALE } NPR 11' —- _ B S T S
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0
SIDELINE 30°K%
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FLYOVER 90‘?8
Figure 126 = Full seale siae!ine PNL for the cspecl'. ratio 4 nozzle with

deflector and Flex Flap, USB only; 70° flap angle,
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST
NAS 2-78l12

FLAP CONFIGURATION: FF LANDING - 70°

'NOZZLE  Syg 8y Xy RUN
NR4D 316" 12° .35 0 210
- NPRg=21,0
1O
T~
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0 3
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- Figure 127 - Full scale flyover PNL for the aspect ratio 4 nozzle with

deflector and Flex Flap, USB only; 70° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

NAS 27812
MIC. NO.: 6(8 = 90°)
RUN NO.: 210
CONFIGURATION: NR4D NOZZLE, FF LANDING 70°
ELEVATION ANGLE '
T 0 D
SIDELINE  30°[4
60°]
FLYOVER . 90°]
O
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F'VS 400 500 GOO 7‘00800900\000

Nys ISO 200 300
NOZZLE(FLAP) EXHAUST VELOCITY

Figure 128 - Full scale sideline OASPL at 90° azimuth for the gspect ratio 4 .
: nozzle with deflector and Flex Flap, USB only, 70° flap angle,
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HYBRID PROPULSIVE LIFT ACOUSTIC TEST

RUN NO: 210 NAS 27812

COMFIGURATIO  :  NR4D NOZZLE, FF LANDING - 70° MIC NO: 68 = 90%)
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Figure 129 - Full scale sudelme 1/3 OBSPL at 90° azimuth for rhe aspect ratio 4 .

nozzle with deflector and Flex Flup,, USB only, 70° flap angle.



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-78l12
FLAP CONFIGURATION:  FF TAKEOFF - 30°
NOZZLE S 8y Xy RUN
NR4D 158'}6* 12° .35 0 265
NPR-=1.0 *ower Slot Sealed
10 =
100F e e e
FULL - o —t e
SCALE EN e e e
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. : _// NP SN N
500FT. ; L WA
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DEG. O 0O 45 60 75 90 105 120 50 165 180
| ' ° 23075 [' 15| o
RAD. O 10 — 20 30
AZIMUTH-6
:
' SIDELINE 30°
ELEVATION ANGLE g
FLYOVER
Figure 130 - Full scale SIdeIme PNL for the aspect raho 4 nozzle with

deFIec’ror and. Flex Flap, USB only, 30° Flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-78l12
FLAP CONFIGURATION:  FF TAKEOFF - 30°
NOZZLE Sy 8y Xy RUN
NR4D .158%* 12° .35 0 265
NPR-=[0 “Lower 3ot
N Re aled
10 g o
> f'r - \S
= —— \__ \Y
/I 7.; — \\ N
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' FLYOVER  90°
Figure 131 - Full scale flyover PNL for the‘aspecf raho4 nozzle

with deflector and Flex Flap, USB only, 30° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

NAS 2—
MIC. NO.: g(g = 105°78I2
RUN NO.: 245

CONFIGURATION:  NR4D NOZZLE, FF TAKEOFF - 30°
"EI‘.'EVZ'T‘I'UNTF'GIE
o0

SIDELINE 30°B|
60°0]}

FLYOVER  90°[]
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Figure 132 - Full scale sideline OASPL at 105° azimuth for the aspect ratio 4
nozzle with deflector and Flex Flap, USB only, 30° flop angle.
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HYBRID PROPULSIVE LIFT ACOUSTIC TEST
RUN NO: 265 NAS 2—7812

CONFIGURATION: NR4D NOZZLE, FF TAKEOFF - 30° ‘ MIC NO: g(g = 105°)
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Figure 133 - Full scale sideline 1/3 OBSPL at 105° azimuth for ’rhe aspect ratio 4
: nozzle with deflector and Flex Flap, USB only; 30° flap angle.



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST o -
NAS 2-7812 |
FLAP CONFIGURATION:  FF LANDING - 70°
NOZZLE Se 8y X y RUN
NR8 -158Y), 7° .35 0 219
*| ower Slot Sealed
11O NPRg = L.O
St =',_ = \\{ N
|OO /4":’; St i x\\_
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Figure 134 - Full scale sideline PNL for the aspect ratio 8

nozzle and Flex Flap, USB only; 70° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION:  FF LANDING - 70°
NOZZLE S 8y X g RUN
NR8 1587, 7° .35 0 219
*lower Slot Sealed
NPR. = 1,0 -
HO £ =T
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: SIDELINE 30°
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Figure 135 - Full scale flyover PNL for the aspect ratio 8 nozzle

and Flex Flap, USB only; 70° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST

MIC. NO.: NQ@S %0‘78'2

RUN NO.: 219
CONFIGURATION:  NRB NOZZLE, FF LANDING - 70°
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Fi‘gure 136 - Full scale sndellne OASPL at 120° aznmuth for the aspect ratio 8
nozzle and Flex Flap; USB only, 70° flap angle,
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HYBRID PROPULSIVE LIFT ACOUSTIC TEST
RUN NO: 219 NAS 27812

120%)

CONFIGURATION:  NR8 NOZZLE, FF LANDING - 70° MIC NO: 9@ =
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0o O
SIDELINE  3c°
60° (]
FLYOVER 00 O
, — .
_- A < A T S
m— v =<1 <
/.'__- - = ‘Ff‘fk"‘u \"‘ﬂ_‘ - i
FLL B0} a < S ——
SCALE " NPR & 4 p— | 7 X ~¥
o [ — 7 ~ - et % <C
Y OB 1,514 v —
S 1,416 VA el /-"_"' == \*ﬁ —
SPL _ Fisio E5HA == - =
E 70 F —— N — ~ < Y i
dB 1,202 ¥5 i S
500FT. ~ Sk
152‘4 —t- b N ‘ N Y
( @ - ~ \‘TT
50 S
~ —\
\*\ ‘\ \ ‘\
L. ﬁl\
Ny
50 -
.Y
K 1 L |
FREQ, 50 80 iz 200 315 500 800 IZSO 2000 3]50 5000 8000

HZ, 63 100 IoO 250 400 630 1000 1600

Figure 137 - Full scale sideline 1/3 OBSPL at 120° ozmuth for the aspect ratio
8 nozzle and Flex Flap, USB only; 70° flap angle.



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION:  FF TAKEOFF - 30°
NOZZLE S¢ Oy X § RUN
NRS .158';6* 12° .35 0284
NPRe = *Lower Slot Sealed
10 da L
pr — %"\\
100 — - ~
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FLYOVER  90°(0]
Figure 138 - Full scale sideline PNL for the aspect ratio 8 nozzle

and Flex Flap, USB only, 30° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST - |
NAS 2-78i2 '
FLAP CONFIGURATION:  FF TAKEOFF - 30°
NOZZLE Sy By X y RUN
NR8 .158'/0* 12° .35 0 284
*Lower Slot Sealed
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Figure 139 -  Full scale flyover PNL for fhe aspect ratio 8 nozzle

and Flex Flap, USB only, 30° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

NAS 2—78i
MIC. NO.: 8 (@@= ]052)8 e
RUNNO.: 284

CONFIGURATION:  NR8 NOZZLE, FF TAKEOFF - 30°
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NOZZLE(FLAP) EXHAUST VELOCITY

Figure 140 - Full scale sideline OASPL at 105° azimuth for the aspect
ratio 8 nozzle and Flex Flap, USB only; 30° flap angle.
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HYBRID PPCENSIVE LIFT ACCUSTIC TEST
RUM NO: 284 NAS 2—-7212

CONFIGURATIGN:  NR8 NOZZLE, FF TAKEOFF - 30° MIC NO: 8 (8 = 105%)
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Figure 141 - Fu|| scale sideline 1/3 OBSPL at 105° azumuth for the aspect
ratio 8 nozzle and Flex Flap, USB only, 70° flap only.



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-78i2
FLAP CONFIGURATION:  JH LANDING - 70°
NOZZLE Sy © 8y Xy RUN NPR
® NR4D .063°/0 12° .20 0 134 1,306
/> NR4D .063"/0 12 .35 0 132 1,302
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Figure 142 Full scale sideline PNL; comparison of three nozzle |ong;~
tudinal positions, aspect ratio 4 nozzle with deflector and

JH flap with knee blowing, 70° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812

FLAP CONFIGURATION:  JH TAKEOFF - 30°

NOZZLE  S.4,8N X § RUN NPR
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Figure 143  Full scale sideline PNL; comparison of two nozzle longitu-
dinal positions, aspect ratio 4 gozz!e with deflector and
JH flap with knee blowing, 30~ flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2—-78i2
" FLAP CONFIGURATION:  JH LANDING - 70°
NOZZLE  Sue Oy X ¥ RUN NPR
A NR4D  .063"/0 12° 350 132 1,302
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Figure 144 Full scale sideline PNL; comparison of two nozzle i |mp|nge-
ment angles, aspect rcmo 4 nozzle with deflector, JH flap
with knee blowing, 70° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION:  JH TAKEOFF - 30°
NOZZLE S ® X § RUN NPR
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Figure 145  Full scale sideline PNL; comparisan of two nozzle impinge-
ment angles, aspect mho 4 nozzle with deflector, JH flap
with knee blowing, 30° flap angle .
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST
NAS 2-7812

FLAP CONFIGURATION:  JH LANDING - 70°

NOZZLE  Sge Oy Xy RUN NPR |
ANRID  .063"/0 12° .350 132 1,302
ONRSD  .063'/0 12° .35 +30° 130 1.3
B NReD  L063°/0 12° .35 -30° 131 1.30%
O —
100
FULL
SCALE = 5
PNdB
20
500 FT; 22
(152.4M) :
80
— NOMINAL THRUST SPLIT 9% =
: NOZ KNEE IE ;
70 A 81 19. 0.
| , - Q 81, 19. - O
3 e8n . 13 .0
DEG. O 0 45 €0 757501106 120
l 3 7582.5 92505 l| (35 150 | 180
RAD. O 10 | 20 - 30 .
AZIMUTH-6 -
0 [

SIDELINE  30°
ELEVATION ANGLE wgé
FLYOVER 90

Figure 146 Full scale sideline PNL; comparison of three auxiliary Fl.ap
angles, aspect rafgo 4 nozzle with deflector, JH flap with
knee blowing, 70~ flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 27812

FLAP CONFIGURATION:  JH TAKEOFF - 30°

NOZZLE  Suie®y X i_RUN:'NPR
ANRD  .063"/0 12 350 178 1,306
ONR4ID  ,063"/0 12 .35 -30° 195 1.3
ENR4D  .063'/0 12° .35 +30° 198 1.3
HO
100
FULL
PNdB ~C
90 >
500 FT; 7= X
(152.4M) K 2 N
- S
80 T
' NOMINAL THRUST SPLIT 26
NOZ KNEE TIE
70 A 822 17.8 0
‘ @ 822 . 178 0
(3 saz2 17.8 (0]
DEG. O 30 45 60 75190 1105 (20 50 180
l : 82.5 975 [l 135 | :
RAD. O _ 1.0 _ 20 30
' AZIMUTH-6 |
0 ]
SIDELINE  30°
ELEVATION ANGLE 602§
FLYOVER 90

Figure 147 Full scale sideline PNL; comparison of three auxiliary flap
angles, aspect rcmo 4 nozzle with deflector, JH flap with
knee blowing, 30° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST
NAS 2-782

FLAP CONFIGURATION: JH LANDING. - 70°

| NOZZLE S8y X y RUN
NR4D L063"/0 12° .350 123

10
100 _
FULL —
SCALE - ;({2{% e
PNdB. INPR, NPR- <
- 90[7301 7.405 =
1.301 1.303
500 FT. |1.302 1.202
(152.4M)
80
" NOMINAL THRUST SPLIT %
- NOz KNEE TE NPR:
70 — 76 239 o 1405
| 81 19 0 1302
88 . 14 0 1202
e = =N
DEG. Cl) 30 45 6,0 _7582.5 92\%05 lI 135 | B
RAD. O 10 | 20 - 30
, AZIMUTH-©
0 T
SIDELINE  30°
" ELEVATION ANGLE 603@
FLYOVER 90

Figure 148 Full scale sideline PNL; variation of flap pressure ratio |
with constant nozzle pressure ratio, aspect ratio 4 nozzle
with deflector, JH flap with knee blowing, 70° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST
NAS 2-78I2

FLAP CONFIGURATION: JH LANDING - 70°

NOZZLE Sy, ®y X ¥ RUN
NR4D  .063"/0 12° .35 0 124
HO= i
NPRy NPRe
1.399 1,303
1,399 1.393 . _ — __
1,399 1.499 _ : e
IOO AN — "‘.Zl’zf,'
FULL ] % = =
SCALE ;;‘v” ’ T
PNdB = ~
90 -
500 FT.
(152.4M) | _
80
- NOMINAL THRUST SPLIT %
78 : 22 0] - 1,499
81 19 _ 0 139>
846 154 0 1303
DEG. O 30 45 60 75790 105 120 135 150 80
[ | 7582.5 92505 ll 135 | | |
RAD. O | 1.0 20 30
' AZIMUTH-8
0 O

SIDELINE 30° |
ELEVATION ANGLE °§

603
FLYOVER 50

Figure 149  Full scale sideline PNL; variation of flap pressure ratio with
constant nozzle pressure ratio, aspect ratio 4 nozzle with
deflector, JH flap with knee blowing, 70° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION:  JH LANDING - 70°
NOZZLE  Sepe®y Xy RUN
NRAD  .063"/0 12° .35 0 125
O~ ——t
- NPRy NPRe
1,503 1.502 T T
1,504 1405 T — :
100 o —> < ==
FULL <4
SCALE - : T
" PNdB - Z -
90
500 FT.
(152.4M)
80}
. NOMINAL THRUST SPLIT 9% =
. NOZ KNEE TE NPRr :
70 — e 19 0 11,502 -
‘ : Coan 23 - 0 1.405
DEG. O 30 25 60 75 gos 20 135 150 180
{ { I :
RAD, O 10 | 20 - 30
AZIMUTH-6 |
c 3
SIDELINE  30°
ELEVATION ANGLE 60° g
FLYOVER  90°

Figure 150 Full scale sideline PNL; variation of flap pressure ratio with
constant nozzle pressure ratio, aspect rcho 4 nozzle with
deflector, JH flap with knee blowing, 70 flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION:  JH TAKEOFF - 30°
NOZZLE S8y X 9 RUN
NR4D  .063"/0 12° .35 0 180
1O
100
FULL
SCALE < — ..‘ﬂ?h-.q
PNdB. _INPR,NPR; e e e
90 _ _ X
11,305 1.499 - n
500 FT. {1.305 1.298 -
(152.4M)
80
NOMINAL THRUST SPLIT A
NOZ KNEE IE NPRe
70 73.7 26,3 0 1499
© 822 178 - 0 4298 |
DEG. O 150 1105 120 135 50
| ' 30 45 6}0 ?582‘59705;2 I35|O lIc‘B’O
RAD. O 1.0 20 30
AZIMUTH?-G |
0
SIDELINE  3q°
ELEVATION ANGLE
FLYOVER 9o§

Figure 151  Full scale sideline PNL; variation of flap pressure ratio with
constant nozzle pressure ratio, aspect ratio 4 nozzle with
deflector, JH flap with knee blowing, 30° flap angle.
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HYBRID PROPULSIVE LIET

ACOUSTIC TEST
NAS 27812
FLAP CONFIGURATION:  JH TAKEOFF - 30°
NOZZLE  Ske &y X ¥ RUN
NR4D  .063"/0 12° .35 0 181
110
100} s
FULL. - /.; e
SCALE  [NPRyNPR; —= =
PNdB B, | I - N
1,409 1.5021 72—
90 1.411 1.305! ' x
500 FT. —
(152.4M)
g0
NOMINAL THRUST SPLIT 9
. NOZ' KNEE TIE NPR,
70 78,9 211 0 1,502
‘ 857 143 -0 1305
s s TR D © -
DEG <|) 30 45 6'0 7555 20,7105 IIZO 135 150 Ilao
RAD, O | 1O 20 | - 30
' AZIMUTH-0
0 [}
SIDELINE  30°
ELEVATION ANGLE 603@
FLYOVER 90

Figure 152 Full scale sideline PNL; variation of flap pressure ratio with
constant nozzle pressure ratio, aspect ratio 4 nozzle with
deflector, JH flap with knee blowing, 30° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST
NAS 2-78I2

FLAP CONFIGURATION:

JH TAKEOFF - 30°

NOZZLE  S5,.8y X § RUN
NR4D  .063"/0 12° .35 0 182
(O
s . |
100} =it
FULL  INPRyNPR — —IR%
SCALE ¢ —Zi — “x:%_
1.511 1.503[.27 e~
PNd%O 1.513 1.2964% \\\\:
500 FT. —1-
(152.4M)
80
NOMINAL THRUST SPLIT 95
o . NOZ KNEE TIE NPRe
’ 822 17.8 0 1,503
. aea 119 0 129
DEG. O 0O 45 &0 '90 '105 120 50 180
‘ 3 , 7582 2 92505 ;l 135 | |
RAD. O 1,0 20 30
AZIMUTH-8
0]
SIDELINE  30°
ELEVATION ANGLE 603@
FLYOVER 90

Figure 153  Full scale sideline PNL; variation of flap pressure ratio with
constant nozzle pressure ratio, aspect ratio 4 nozzle with

deflector, JH flap with knee blowing, 30° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST
NAS 2-7812

FLAP CONFIGURATION:  JH LANDING - 70°

NOZZLE g,‘h..gu. X g RUN NPR  9%SPAN
D NRID 063" /0 12 .35 0 132 1.302 50%
O NRID .063"/0 12 .35 0 126 1.302 75%
CINR4D ,063"/0 12° .35 0 127 1.300 85%
HO —— :
- 100 ‘
FULL :
SCALE —§7 ——
PNdB ‘
90 A
500 FT. =
(152,4M)
80O
NOMINAL THRUST SPLIT -6
. NOZ KNEE IE
70 FAN -51 19 0
- O 81 19 o
- [4] 81 19 0
DEG. O 0 45 0 H 20 50 180
' 3 | 7582.5 97505 [l |35 l |
RAD. O o 1.0 - 20 - 30
' AZIMUTH-© |
s
SIDELINE  30°
ELEVATION ANGLE 60° é
FLYOVER  90°

Figure 154  Full scale sideline PNL; comparison of three nozzle spon\;mse
- positions, aspect raho 4 nozzle with deflector, JH flap with
knee blowmg, 70° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION: JH TAKEOFF - .30°
NOZZLE  Skne®y X 9 RUN NPR 96SPAN
A NRID .063'/0 12° .35 0 178 1.306 50%
© NR4D .063"/0 122 .35 0 184 1,310 75%
CINR4D ,063"/0 12° .35 0 185 1,307 85%
HO n
100
e oo
< S DU
PNdB = \’&\\
90 : 1 ‘ A =2
500 FT, <
(152.4M) ' >
80
| NOMINAL THRUST SPLIT %
" NOZ KNEE TE
70 — A 822 178 0
' ©® 822 178 )
‘D 822 1728 O
DEG. O 30 45 60 75190 1105 120 135 150 80
| | a0 B 92505 [I 35 | | | '
RAD. O 1.0 20 30
AZIMUTH-6
0
SIDELINE  30°
ELEVATION ANGLE 602 é
FLYOVER %0

Figure 155 Full scole sideline PNL; comparison of three nozzle spanwise
positions, aspect gafio 4 nozzle with deflector, JH flap with
knee blowing, 30" flap angle.
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HYBRID PROPULSIVE LIFT

- ACOUSTIC TeST
NAS 27812
FLAP CONFIGURATION: FF LANDING = 70°
NOZZLE S 8y X g RUN NPR
A NR4D  ,158"/0* 12° .35 0 212 1.301
O NR4D  .158"/0* 12° .20 0 238 1.304
o ONR4D  .158"/0% 12° .50 0 237 1.296
*LOWER SLOT SEALED
100
FULL . : N by
SCALE =z — . —
PNdB :
90 ) T =
' | /42/
500 FT. /-
(152.4M)
80
NOMINAL THRUST SPLIT 95
 NOZ KNEE IE
70 ‘ A es - o 4
_ ‘ . 69 0 S
;] 69 . © LA
DEG. O 45 60 : 80
, l | 30 45 7582%09705 'I20 135 150 Il |
RAD. O 10 20 T30
AZIMUTH-S - '
o O
SIDELINE 302
ELEVATION ANGLE 0 é
- FLYOVER  %0°

Figure 156 Full scale sideline PNL; comparison of three nozzle longitu-
dinal positions, aspect ratio 4 nozzle with deflector, Flex
Flap with upper TE blowing, 70° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION:  FF TAKEOFF - 30
NOZZLE Sy 8y Xy RUN NPR
A NR4D 158"/0* 12 350 263 1,308
© NR4D . 158" /0* 12° .20 0267 1,308
E] NR40 158"/0* 12 50 0 266 1.301
”0 *LOWER SLOT SEALED
100
FULL
SCALE - T
PNdB =
90
500 FT. \\\\
(152.4M) \\
80
NOMINAL THRUST SPLIT %
NOZ KNEE TE
70 A s9.9 o 30.1 "
O 699 0 30.1
[0 699 o 304
DEG. O 0 45 @0 301105 120 135 150 180
l 3 S , 7582.5 9755 II 135 | |
RAD. O 1O 20 30
' AZIMUTH-6
| (.
SIDELINE ape
ELEVATION ANGLE 603§
FLYOVER 20

Figure 157 Full scale sideline PNL; comparison of three nozzle longitudi-
nal positions, aspect ratio 4 nozzle with deflector, Flex Flap
with upper TE blowing, 30° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION:  FF LANDING - 70°
NOZZIE Sre & X @ RUN NPR
ANRD .158"/03 120 .35 0 212 1.301
ONRD .158/0 19° .35 0 239 1.306 |
|| O} —ZLOWER SLOT SEALED
100
chUALLLE AR
ﬁ/ y X\’\ ) . o
PNdB - ~
Q0 R~ =
P %)
500 FT. ZZ
(152,4M)
80
NOMINAL THRUST SPLIT 96
- NOZ KNEE TJE
70 A e9.. 0 31.
; O €9. 0O 31.
DEG. O 0 45 GO ] 20 80
[ 3 7582.5 97505 'l 135 50 | |
RAD. O 1.0 20 | 30
AZIMUTH-6 |
0O
SIDELINE  30°
ELEVATION ANGLE wgé
FLYOVER 50

Figure 158 Full scale sideline PNL; comparison of two nozzle lmpm.gement
angles, aspect ratio 4 nozzle with deflector, Flex Flap with
upper TE blowing, 70° flep angle
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HYBRID PROPULSIVE LIFT

ACOUSTIC TeST
NAS 27812
FLAP CONFIGURATION: FF TAKEOFF - 30°
NOZZLE Sy 8y Xy RUN NPR
A NRAD  ,158"/0% 127 .35 0 263 1.308
O NR4D  .158"/0% 19° .35 0 268 1.294
IO *LOWER Sk EALED
100
SCALE =
PNdB - : , %Q: e
30 — S - K
; 1\
500 FT. %
(152,4M) N
80
NOMINAL THRUST SPLIT %
NOZ KNEE TE
70 A 699 0 30.1
© 699 o' 30
. T05 120 35 150 180
DEG (') 30 45 G? 7582.5 575 L| | e
RAD. O 1.0 20 30
AZIMUTH-8
0o O
SIDELINE 302
ELEVATION ANGLE 60° é
. FLYOVER 90

Figure 159 Full scale sideline PNL; comparison of two nozzle impinge-
' ment angles, aspect ratio 4 nozzle with deflector, Flex Flap
with upper TE blowing, 30° flap angle.

214



HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-78l2
FLAP CONFIGURATION:  FF LANDING - 70°
NOZZIE 5S¢ ._N X ¢ RUN NPR
A NR4D .158"/0% 122 .35 50 212 1.301
®O NR4D ,158"/0* 12 .35 +30 228 1.306
NR4D .158"/0* 12 .35 -15° 246 1,304
[IOE- NRreD . 158"/0% 12° .35 -30° 248 1.296 =
— *LOWER SLOT SEALED f
100 — ; -
FULL ‘ 7 2 -
SCALE y ~S—T—— 1
PNdB ) g - X
90 z Z ——
: : - S—1
500 FT. — ' Om
(152.4M) ~
80
~ NOMINAL THRUST SPLIT 94
. NOZ KNEE TE
70 JANEE-Y-) 0 31.
- © 6% . O - 31,
B es 0 - 31.
,@‘ - B9 0 31.
DEG. O 30 45 60 757907105 120 50 80
- S
RAD. O . 1.0 20 30
' AZIMUTH-0 ‘
o3
SIDELINE  30° .
ELEVATION ANGLE 50 é
FLYOVER  90°

Fl'gure 160 Full scale sideline PNL; comparison of four auxiliary flap -
angles, aspect rotio 4 nozzle with deflector, Flex Flap with
upper TE blowing, 70° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-78i2
FLAP CONFIGURATION:  FF TAKEOFF - 30°
| NOZzLE S 8y X y RUN NPR
D WRaD .1587/0% 120 350 263 1.308!
©. - NR4D ,158"/0* 12 .35 +30° 278 1.3
0 NR4D .158"/0% 12° .35 -30° 273 1,306
HHOp— *LOWER SLOT SEALED
loo o f'\/'; "'}\
FULL — © ——
SCALE /A’ O =
PNdB ;/ /"L--j_..a»—'{ . \\‘\.-»-. e
90 €D i 71'( L\\ ‘\ v
- L p/ N
500 FT, g i i
(152.4M) :// \‘;
N\
80 45
NOMINAL THRUST SPLIT %
~ NOZ KNEE TE
70 A 69.9 o 30.1
® 69.9 o . 3041
(] es.s 0 304
DEG. 0 30 45 60 757901105 120 135 150 180
' op 2070 120 155 | |
RAD., O 1.0 20 30
AZIMUTH-GV
0

SIDELINE  30°
ELEVATION ANGLE 60°
FLYOVER  90°

Figure 161 Full scale sideline PNL; comparison of four auxiliary FIQFS
angles, aspect ratio 4 nozzle with deflector, Flex Flap with
upper TE blowing, 30° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION:  FF LANDING - 70°
NOZZLE _s_mgu. X ¢ RUN
NR4D .158"/0% 12° .35 0 232
1o *LOWER SLOT SEALED
100 7 i .y g R
S e e e e e e
PNaB  [Non NPRe A= ——
90 |1.298 1.504 A= —
1,297 1.394 ¥~
500 FT. 11.299 1.298 §=
(152.4M) ;
80
NOMINAL THRUST SPLIT /, |
NOZ' KNEE TE NPRr
70 59.1 0 40.9 1.504
: 632 0O 36.8 1.394
690 0] “31.0 . 1.238
DEG. 15657105 120 135 150 180
DEG (,) 30 45 G;O 7582.5 97505 [l 135 | |
RAD. O 1.0 20 | - 30
AZIMUTH-GI
0}
SIDELINE 300
ELEVATION ANGLE 60° g
FLYOVER  90°

Figure 162 Full scale sideline PNL; variation of flap pressure ratio with
constant nozzle pressure ratio, aspect ratio 4 nozz|e with
deflector, Flex Flap with upper TE blowing, 70° flap angle.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST
NAS 2—78l2

FLAP CONFIGURATION:  FF LANDING 70°

NOZZLE Sy Oy X y RUN
NR4D 58" /0% 12° .35 0 233

*LOWER SLOT SEALED

o
100 /ﬁ% e ——
FULL P M B s T T S
SCALE (MR e i
PN 00 144’5/’/
1,400 1,494825F
90 1,398 1.387825
500 FT, |1:400 1,289
(152.4M)
80
NOMINAL THRUST SPLIT 9%
NOZ - KNEE TE NPRe
70 65. 9 0] 341 1 43954
GS.0 O 31.0 1.387
74.4 0 25.6 1.289
DEG. O 30 45 G0 751901105 120 135 150 180
l | 5825’.) 97.‘:305 i 135 1 :
RAD. O 1.0 2.0 30
AZIMUTH-6
0 I
SIDELINE 300
© ELEVATION ANGLE wgé
FLYOVER 90

Figure 163 Full scale sideline PNL; variation of flap pressure ratio with
constant nozzle pressure ratio, aspect ratio 4 nozzle with
deflector, Flex Flap with upper TE blowing, 70° flap angle.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-78I2
FLAP CONFIGURATION:  FF - LANDING - 70°
NOZZLE Sy 8y X y RUN
NR4D  .158"/0* 12° .35 0 234
*LOWER SLOT SEALED
10O =
< Y
Z 7 =TI~
UL (NPR PR = ===
SCALE 2z
PNolB.  [1.504 1.49705&
90| 1.505 1.381
1.507 1.288
500 FT.
(152.4M)
80
" NOMINAL THRUST SPLIT %
NOZ KNEE TE NPRg -
70 69 o 31 1.497 -
‘ 733 0 - 261 1.381
78.2_ 0 .- 21.8B. 1.288
DEG. O 30 45 G0 75 o TR 0 50
l ’ a2 9? 05 ll |35 |
RAD. O 1.0 20
AZIMUTH-0
0 7
SIDELINE  30°
ELEVATION ANGLE 500 é
FLYOVER  90°

Figure 164  Full scale sideline .PNL varigtion of flap pressure ratio with
constant nozzle pressure ratio, aspect ratio 4 nozz|e with
deflector, Flex Flap with upper TE blowing, 70° flap angle
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION:  FF LANDING - 70°
NOZZLE Srg 8y X y RUN NPR  36SPAN
ANRD .158"/0% 127 .35 0 212 1.301 50%
O NR4D ,158"/0* 12° .35 0 230 1,300 75%
1o [ NRAD 158" (0% 1 FA3ED° 231 1.300 85%
100 <
FULL ; = ——
SCALE e SONT -
PNdB o v  —
a0 e, b ! !
St !
500 FT, 7
(152.4M)
80
NOMINAL THRUST SPLIT 94
- NOZ KMEE TE
70 JANEX: 0 31
®© s9 o 31
(3 ss . o - 31 ,
DEG. O 30 45 60 75 190 05 |20 35 50 180
: 82.5 975 l :
RAD. O o 2.0 30
AZIMUTH-6
0

SIDELINE 309 '
ELEVATION ANGLE

603 [
FLYOVER 90° 01

Figure 165 Full scale sideline PNL; comparison of three nozzle spanwise
positions, aspect ratio 4 nozzle with deflector, Flex Flap
with upper TE blowing, 70° flap angle.
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ADDENDUM

SUPPLEMENTARY TESTS

Introduction

A short supplementary test program was performed in May, 1974 to secure
additional data on the effects of spoilers and to provide insight into the
aft directivity phenomena of the JH landing flap. This addendum contains
additional test data as well as appropriate data from the basic test program

required for the directivity discussion.

Test Apparatus

The test apparatus used for this supplemental test program consisted of the
same basic equipment used for the original tests plus a limited amount of

additional instrumentation and model modification.

All of the additional tests were run using the NR4D nozzle positioned at flap
mid-span on the 35 percent wing chord position and at a jet impingement
angle of 12 degrees. The JH flap was used with the wing tip installed for all
tests. Flap angles of both 70° {landing) and 50° (an intermediate position

not previously used) were tested. The trailing edge slots were sealed for all
tests. The knee slot gap was set at 0.063 inches for all tests which produced a
nominal thrust split of 81% of the total thrust from the nozzle and 19% from

the knee slot.
A segmented 20 degree spoiler was fabricated for the additional tests. This

spoiler is simply a flat plate with frailing edge tabs bent upward 20°, Each
tab and gap is 2.4 inches (10% chord) square (except the two end tabs which

A-3



were cut off even with the ends of the flap), the center tab being positioned
at the nozzle centerline. The spoiler was positioned such that the end of the
tabs (before bending) coincides with the knee slot. Figure A-1 shows the

spoi ler installed.

Four different modifications of the basic segmented spoiler described above were

tested in an effor.f to reduce the noise associated with it. These are:

(1) A porous metal cover aver the spoiler upper surface. Figure A-2.
(2) A solid, non-segmented plate spoiler. Figure A-3,
(3) A segmented rubber cover for the spoiler upper surface. Figure A-4.

(4) A fine mesh wire screen which covered the segmented spoiler upper

surface and gaps behind the nozzle. Figure A-5.

Instrumentation

Instrumentation for the additional tests was the same as for the original tests
except for provisions for upper flap surface pressure measurements. Ten static
pressure measurements were obtained by installing plastic tubing along the
flap upper surface in a chordwise direction. Figure A-1 shows the surface
pressure tubing installation used for this test. The tubing was installed slightly
offset from the nozzle centerline to avoid interfering with the flap trailing
edge wake survey rake. Total pressure readings were taken also along the flap
upper surface adjacent fo the surface pressure tubing in a chordwise direction
with a hand-held pressure probe. An attempt was made to hold the probe about
1/2 to 3/4 inch above the flap surface, but the pressure data from this probe
are subject to errors caused by misalignment and mislocation relative to the

surface.



Aerodynamic Results

General - Previously it had been theorized that some of the unusual acoustic
properties of the JH 70° flap could be caused by: (1) flow through the pie-
shaped segment between the deflected flap and the undeflected trailing edge
. of the wing tip; (2) the noise associated with a possible separation bubble at
the flap knee; or (3) the velocity of the flow around the flap knee relative
to the nozzle exit velocity varying with nozzle pressure ratio, i.e., a non-
constant velocity ratio at a given flap chordwise position. The first theory
was virtually eliminated during the basic tests by-testing with the tip on and
off and by closing the flap-to-tip gap with a flat plate. The supplemental
tests utilized flow visualization and surface pressure measurements which rule
out the second theory. Data obtained using the hand-held probe to check

the third theory are inconclusive.

Surface Pressures - Resulis of the surface pressure survey are presented in Figures

A-6 through A-9. Static pressure coefficient profiles are shown in Figure A-6
for the JH 70° flap both with and without spoiler and with and without knee
blowing. Figure A-7 shows comparable data for the JH 50° flap without knee
blowing. Similar data with knee blowing were not obtained because of a model
problem on the first assembly of the 50° flap position. Comparable plots for the
. same configurations are shown in Figures A-8 and A-9 in the form of local dy-
namic pressure divided by nozzle dynamic pressure as a function of surface
distance. The bumps in Figures A-6 through A-9 at about 0.34 s/C are caused
by o surface discontinuity at the leading edge of the oft flap. This abrupt con-
tour change resulted from installation of rubber strips which were used to seal

the trailing edge slots.

Note that only the 50° flap data on Figure A-9 show the trend of increasing

qs/qn' with increasing nozzle pressure ratio which had been suspected for the
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70° flap position. |f any trend is present for the 70° flap position, it is in

the opposite direction.

Flow Visvalization - Representative photographs from the flow visualization

study are presented in Figures A-10 through A-14. Nothing of an unusual
nature can be discerned from the "no spoiler” fiow patterns. Perhaps the
most noteworthy effect visible on all the photographs is how the flow spreads
quickly from the USB nozzle exit to cover the entire flap and comer of the

wing tip.

Knee biowing produces very little effect on the visible flow pattern. Some
difference is noted near the flap ends where, with knee blowing, the pattern

is more nearly parallel to the flap edge.
Spoiler-on flow patterns are quite interesting with visual indication of the de-
sired flow separation behind some of the tabs and reattachment on the flap

further downstream.

Trailing Edge Surveys - Comparisons of flap trailing edge pressure distributions

made during the supplemental tests are presented in Figure A-15. Figure A-15a
shows the effect of changing the flap deflection angle from 70 to 50 degrees.
Figure A—1-5b shows the effect of the segmented 20° spoiler, both with and with-
out knee blowing, on the JH 70° flap.

Acoustics

General - Acoustic measurements were obtained for the JH flap with and without
knee blowing, with and without the segmented spoiler, and at 50° and 70° flap

angles. Further comparative data using four modified spoilers were obtained at



the 50° flap angle to determine the feasibility of reducing spoiler-generated

noise. One of these modifications was successful.

The 70° JH flap was run without modification in order to provide an additional
check of repeatability of the acoustic test data. Acoustic measurements have
been obtained on four separate occasions with this configuration which does not
provide a conventional statistical sﬁmple. However, Run 132 was selected as
a baseline and a difference was obtained for each microphone and repeat runs.
This provided 280 differences,and, assuming a normal distribution, a mean of
+.15 PNdB and standard error of 1,02 PNdB was calculated. This indicates
that if any perticular microphone measurement is chosen as a reference, about
70 percent of the subsequent repetitions should be within +1 PNdB. A major
source of this error is probably due to the use of nominal pressure ratio as the

" controlling parameter when establishing the test point.

Spoiler Test Data - Figures A-16 through A~19 show baseline 70° flap data with

the 20° segmented spoiler installed. These full-scale data incorporate a model
scale of 0.2, as in the body of this report. Figures A-20 and A-21 show 50°
flap sideline and flyover data for 0° (no spoiler) and 20° spoiler angle without
knee blowing. Figures A-22 and A-23 show similar 70° flap engle data, while
‘Figures A-24, A-25, and A-26 show 70° flap results with knee blowing. The
segmented spoiler increases peak flyover noise by 1 to 2 PNdB and peak sideline
noise by 2 to 4 PNdB.

Modified spoilers were tested at the 50° flap angle to evaluate methods of re-
ducing the spoiler-induced noise. Figure A-27 summarizes the sideline noise
levels for the basic spoiler and three unsuccessful modifications. These modifi-
cations included a metal plate of about 30 percent porosity which covered the
spoiler upper surface, a solid, unsegmented spoiler, and a segmented rubber

cover for the spoiler upper surface.



A significant reduction in noise levels was achieved with a fine mesh wire
screen which covered the spoiler upper surface and the segment gaps behind
the nozzle, as depicted in Figure A-5. The screen was ordinary household
aluminum windown screen with frayed trailing edges. Figures A-28 through
A-30 provide a comparison of the no-spoiler, 20°-segmented spoiler, and
screened 20°-segmented spoiler configurafions. Peak sideline noise levels
were reduced 3 PNdB by the addition of the screen, which results in 1 PNdB
lower noise than the no-spoiler case. Similarly, the screened spoiler peak

flyover levels were 2 to 3 PNdB lower than the unscreened configuration.

JH Landing Flap Aft Directivity — Initial testing of the JH flap at the landing

flap angle of 70° revealed that peak noise levels occur aft of the wing at the
150° azimuth position. This aft directivity is illustrated by the radial noise
levels shown on Figure A-31. At the takeoff flap angle, the noise levels in

the 100°-150° azimuth arc decrease in contrast to the landing case. This

may not indicate conclusively that the two flap positions have dissimilar noise
radiation patterns as the existing microphone array would not detect the possible
rotation of the noise peak with the flap. Figure A-32 shows the radial noise
levels obtained with the Flex Flap and it is apparent that the landing position

noise directivity does not resemble the comparable JH flap pattern.

The aft noise frequency characteristics may be evaluated by referring to Figures
A-33 through A-36. Figures A-33, A-34, and A-35 illustrate 1/3 octave band
sound pressure levels at three flap angles, three azimuth positions, and four noz-
zle pressure ratios, respectively. The predominant noise occurs in a frequency
band from 100 Hz to 400 Hz and becomes less pronounced as the flap angle de-
creases and as the observer moves forward. Significant changes in both ampli-
tude and spectral characteristics occur with increasing nozzle pressure ratio, as

energy increases in the 315 Hz and 400 Hz one-third octave band (full scale).



The NR4D nozzle assembly included a lower plate which wﬁs installed to hold
a fixed nozzle area from run to run. (This plate simply simulated a portion of
the wing upper surface.) Removing the bottom plate, which increases the mass
flow, shifts this peak to the 250 Hz one-third octave band, as shown on Figure
A-35.

A digital narrow band analysis using a Fast Fourier Transform program was used
to define the spectral changes that occur as the nozzle pressure ratio increases.
Figure A-36 shows these narrow band spectra for three pressure ratios. The
sharp amplitude increase at the 1.511 nozzle pressure ratio is shown to be gene-

rated by o discrete frequency component at about 350 Hz,

The source of this energy was initially rhought to be associated with flow through
* the flap-wing tip slot between the deflected flap and undeflected chord section
of the wing tip. This premise was investigated both by removing the wing tip and
by closing the slot with a flat plate. Figure A-37 shows that the basic spectrum

was not significantly affected by these two changes.

One other possible source that could create this pattern is the noise associated

with the accelerated flow around the knee of the flap. In the extreme case, i.e.,
the highest nozzle pressure ratio, local flow separation at the knee was considered
to be a hrobable source of narrow band energy. Results from the flow visualization

studies and pressure surveys do not substantiate the separation theory, however.

One other narrow band noise source with the JH flap produces a peak in the 5000
Hz - 6300 Hz 1/3 octave bands. Figure A-38 indicates that flow through the knee
slot is responsible. This peak can increase the perceived noise levels by 1-2
PNdB at the mid-azimuth positions and is most noticeable at low nozzle pressure

ratios.



Conclusions

The supplementary test program on the JH flap, aspect ratio four nozzle with -
deflector at the 35 percent chord and mid-span position at 12° impingement

angle disclosed the following:

1. The noise peak at the 150° azimuth position produced by the JH landing
flap occurs in the 100 Hz - 400 Hz (full scale) frequency band. At high

pressure ratios, a discrete frequency forms at approximately 350 Hz.

2. No evidence of flow separation was disclosed by flow visualization or

surface pressure measurements,

3. The JH knee slot produces narrow band noise at 5000 Hz - 6300 Hz (full
scale) which can increase perceived noise levels 1-2 PNdB at the mid-

azimuth positions and lower pressure ratios.

4. Peak perceived noise levels are increased by the segmented spoiler at a

20° angle: 1-2 PNdB ot flyover, and 2-4 PNdB on the sideline.

. . o L. .
5. A fine mesh wire screen reduces the 20" spoiler-induced noise to a level

about 1 PNdB below the no-spoiler level.
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Figure A-1

s

Model view with 20 degree segmented spoiler, flap surface
pressure tubing installed, and pressure rake installed.




Figure A-2 Model view with porous metal cover over spoiler upper surface.
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Figure A-3 Model view showing solid, non-segmented plate spoiler.



Figure A-4 Model view showing spoiler with segmented rubber cover.



Figure A=5 Model view showing fine wire mesh screen over spoiler
upper surface.
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(@) FNPR=1.2

Figure A-10 Flow visualization study. Jacobs-Hurkamp 70 flap.
Without knee blowing.
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Overall view.
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(c)

FNPR = 1.5. Closeup view.

Figure A-10 Concluded.

A-24



ce-v

Figure A-11

(@) Overall view.

Flow visualization study. Jocobs-—Hﬁrkcmp 70 flap with 20
degree segmented spoiler. Without knee blowing. FNPR=1.5.
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Figure A-11 Concluded.
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(a) Overall view.

Figure A-12 Flow visualization study. Jacobs-Hurkamp 70 degree flap.
With knee blowing. FNPR = 1.5, SNPR =1.5.
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Figure A-13 ' Flow visualization study. Jacos—rkcmp 70 degree flap
with 20 degree segmented spoiler. With knee blowing.
FNPR = 1.5, SNPR =1.5.
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Figure A-14

Flow visualization study. Jacobs-Hurkamp 50 degree flap
with 20 degree segmented spoilers. With knee blowing.
FNPR = 1.3, SNPR = 1.3.
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(b) Closeup view.
Figure A-14 Concluded.
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Figure A-15 Flap trailing edge wake survey.
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ACOUSTIC TEST
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Figure A-16 Full scale sideline PNL for the aspect ratio 4 nozzle with deflector and

JH flap with knee blowing; 70° flap angle, segmented spoiler at 20°.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST -
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Figure A=17  Full scale flyover PNL for the aspect ratio 4 nozzle with deflector and

JH flap with knee blowing; 70° flap angle, segmented spoiler at 20°,
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HYBRID PROPULSIVE LIFT

ACOUSTIC TEST
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Figure A-18 Full scale sideline OASPL at 135° gzimuth for the Sspect ratio 4 nozzle

with deflec’ror and JH flap with knee blowing; 70° flap angle, segmented
spoiler at 20°. A-36
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Figure A-19  Full scale sideline 1/3 OBSPL at 135° azimuth for the aspecforuho 4 nozzle with deflector and JH flap
with knee blowing; 70° flap angle, segmented spoiler at 20°.



HYBRID PROPULSIVE LIFT
ACOUSTIC TESI
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- Figure A-20' Compclrlson of full scale sudeline PNL for spoiler angles of
0% and 20°%; JH flap at 50° flap angle, NR4D nozzle, no
flop blowmg
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- Figure A-21 Compc:rlson of full scale Flyover PNL for spoiler angles of
| 0° and 20°%; JH flap, 50° flap angle, NR4D nozzle, no
flap blowmg
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ACOUSTIC TEST
NAS 2-7812

FLAP CONFIGURATION: JH LANDING - 70°

NOZZLE Sy, 8y X ¢ RUN SPOILER NPR
© NR4D .063"/012° .35 0 508 20° 1306
/A NR4D . .063"/012° .35 0 505 O 1308
NPRF'-"-LO
1O
100
FULL S —
SCALBE 4 -
PNd Y ~
90 s a?'.r":\ - -
500F1)'. =
e
(1524M, = F
80
70
DEG. O 30 45 60 75 105 120 50 180
: ; 80 Bo7i> ,' I35 120 6 7.5
RAD., O 1.0 20 3.0
AZINUTH-6 .
_ -
 ELEVATION ANGLE PIDELINE gg %

FLYOVER 90° 3

Figure' A-22 Comparlson of full scale sndelme PNL for spoiler angles of
0° and 20° , JH flap, 70° flap angle, NR4D nozzle, no

flap blowmg
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Figure A- 23 Comparlson of full scale Flyover PNL for spoiler angles of
0° and 20°, JH flap, 70° flap angle, NR4D nozzle, no

flap blowmg
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Figure A-24 Comporlson of full scale 5|de||ne PNL for spoiler angles of

0°and 20°, JH flap, 70° flap angle, NR4D nozzle, knee

blowing.
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HYBRID PROPULSIVE LIFT
ACOUSTIC TEST
NAS 27812

FLAP CONFIGURATION: JH LANDING - 70°

NOZZLE Sy 8y X_y RUN SPOLER NPR
© NR4D  .063"/0 12° .35 0 507  20° 1305

. A NR4D 063" /012° .35 0 506 0 1305

Ho

100
FULL = S -
SCALE 1t <N
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90— — =
500 FT. —a X
(1524M) \

80

70 . L LR

| NOMINAL THRUST SPLIT 24
NOZ KNEE TE
) 15 Q

DEG. O 30 45' @ 75 05 120 50 165180

| ) 82.597% [I ‘l35 | I?IZI.S
RAD. O 10 | 20 30

AZIMUTH-6

SIDELINE 3o° 5

FLYOVER 90 n]

* Figure A~25 Companson of full scale s:dellne PNL for spoiler angles of
0° and 20°, JH flap, 70° flap angle, NR4D nozzle, knee

blowing.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TESIT
NAS 27812
FLAP CONFIGURATION: JH LANDING - 70°
NOZZLE  Skpe © oy Xy RUN;SPOLER NPR
® NR4D  .063"/0 12° .35 0 507 20° 1305
ANRID  .063'/012° 350 506: 0 1305
tio -+ =
100 T
SCALE ' E2S
PNdB. |
] 90 - /l 1:\\_
AYY
500 FT. |
(1524M) .
80
70 —- :
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FLYOVER 90° )

Figure A-26 Comporlson of full scale Flyover PNL for spoiler angles of
0° and 20° , JH flap, 70° flap angle, NR4D nozzle knee

blowing.
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HYBRID PROPULSIVE LIFT -

ACOUSTIC TEST
NAS 2-7812
FLAP CONFIGURATION: JH LANDING - 50°
NOZZLE Sum® X y RUN NPR SPOILER  CONFIGURATION
O NRAD  .063"/0 12 .35 0 513 1.309  20° Segmented
A NR4D  .063"/0 12 .35 0 515 1.309  20° Porous Metal
O NR4D .063"/0 12° .35 0 516 1.309  20° Solid Spoiter
HOMN nrap .063"/0 12° .35 0 518 1.303 20°  Rubber Cover
100 —
FULL ' x
SCALE ~ _ : ,. ‘i‘
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90 -~ ——
500 FT.
(1524M) \
80
70 —— — S
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: SIDELINE 3o°g
ELEVATION ANGLE 60 0
FLYOVER 0°0l

Flgure A-27 Full scale sideline PNLfor JH Flc:p, 50° flap angle, NR4D
nozzle, knee blowing; segmented spoiler and acoustic
modifications.
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HYBRID PROPULSIVE LIFT

ACOUSTIC TESI
NAS 27812
FLAP CONF{GURATION: JH LANDING - 50°
NOZZLE - Sure®y Xy RUN SPOILER NPR
) NR4D  .063"/0 12° .35 0 514 Q° 1.304
© NR4D  .063"/0 12 350 513 20° 1.308
A NR4D 063"/0 12° .35 0 517 20° with screen 13|
HO
100 T 3
SCME = RS S
PNdB "fr _ - p \\-.r“m --_El"l
90 //M*/ \\%.\ \\
/500 FT. T - A
(1524M) L‘?(\ o
hY
\
8O ~
70 S R
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- 8 19 0]
DEG. O 30 45 60 75190 1105 120 35 150 180
( | 82 J{J ( i
RAD. O 1.0 20 30
AZIMUTH-0B
0 O
: SIDELINE 30° [
ELEVATION ANGLE 60° [
FLYOVER  90° &2
Figure A-28 Full scale flyover PNL for the aspect roho 4 nozzle with ¢

deflector, JH flap wnfh knee blowing, 50° flap angle,
segmented spoiler at 0° 20 , and 20~ with screen.
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HYBRID PROPULSIVE LIFT
' ACOUSTIC TEST A
NAS 2-7812

FLAP CONFIGURATION: JH LANDING - 50°

NOZZIE * Suse®y X § RUN SPOILER - NPR
O NR4D  .063"/012° 350 514  0° 1293
® NR4D  .063"/0 12 35 0 513 20° 1309
A NRD  .063"/012° .35 0 517 20° with screen L3Il
HOM -
100
FULL ;
SCALE - A — i
PNdB. :
7 90 Z L
500 £T. - /4
(1524M) - \
LY
80 =
70 I IS - v —
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8 ® 0
DEG. O 30 45 60 75 | 20 | 118
g > es 97505 ' E 0 g
RAD. O 1.0 : 2.0 30
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0N
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ELEVATION ANGLE ° 2

607
FLYOVER  90°0

Figure A-29 Full scale s;dellne PNL for the aspect rcmo 4 nozzle with

deflector, JH flap wnfh knee blowing, 50° flap angle,
segmented spoiler at O 20 and 20 with screen.
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HYBRID PROPULSIVE LIFT ACOUSTIC TEST
RUN NO:513,517,514 NAS 2—7812

CONFIGURATIO t: NR4D NOZZLE, JH LANDING - 50° WITH SEGMENTED SPOILER MIC NO: ¢, 9 (8=90°, 120°)
ELEVATION ANGLE ' — -
o O
SIDELINE  30°® = , !’
60° 8
FLYOVER  90°
90 R :
FULL 80 - N —
SCALE g -
: 3 -
% 0B . 171Ny
SPL s : ;
76 T r— 7 > e SA = _
1 V4 h, / e 1 4N
dB #—— & (.
500 FT. i ]
(15248 — SPOILER NPR  MIC(AZIMUTH RUN -
60 : .
0 2 1309 9 (1209 513 S
A 200WITH SCREEN 1.3 9 (209) 517 SN
g o L2036 (909 514 -
50 N
e SPUS GU  SY  S F S B A
FREQL. 50 80 125 200 315 500 800 1250, 2000 3150 5000 8000
HZ, 63 100 IGO0 250 400 630 1000 1600 2500 4000 6300 .

Figure A-30 Full scale sideline 1/3 OBSPL for the aspect rc:ﬁoo4 nozzle with deflector and JH
flap with knee blowing and segmented spoiler; 50~ flap angle.
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HYBRID PROPULSIVE LIFT ACOUSTIC TEST
RUN NO:504, 505, 177NAS 2—7812

CONFIGURATIO :NR4D NOZZLE, JH FLAP AT 70°, 50°, & 30° FLAP ANGLES MIC NO: 1 (g = 150°)
ELEVATION ANGLE '
00 g
SIDELINE 30
600[[:']
FLYOVER  50°
90 .
—
AL 80 ——
SCALE — ;/ - \‘4\: -
l., _ [
/5 0B T Q\zf;‘ ' \:\ — :
SPL 701 NPR oy — Ao~ — FLAPANGLE 70°
Il : L N kY - , : |
dB 0 4 ey I ~I= &L\
1.308 %% X — —X
500 FT. L3l T Sy — - <
(1524M) = — :
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GO} NPR.=10 —~ — \"x\_
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~ — - N 1\‘
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50 _ —— =
) ma S
FREQ.. S0 80 125 200 315 500 800 1250 2000 3150 " 5000 - 8000
Hz, 63 100 I6C 250 400 630 1000 1600 2500 4000 6300

Figure A-33 Full scale sideline 1/3 OBSPL at 150° azimuth for aspect ruﬁoéi nozzle with deflector
and JH flap, no flap blowing, flap angles of 700, 500, and 30,



HYBRID PROPULSIVE LIFT ACOUSTIC TEST
RUN NO: 132 NAS 2—78l2

CONFIGURATIO N: NR4D NOZZLE, JH LANDING - 70° | _ MIC NO: ¢, 10, 11
ELEVATION AinGLE
o (O
SIDELINE  20° R X
60°8 : ; P Ax
FLYOVER  90° i \
30 f‘f A
, b=if ] MIC10 (359
AT ,( ﬂ\\& Mic 11 (1509 -
>N 7 / \\ .
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FuLL 80 e ——
SCALE | 253 -
Y 08 -
¥ SPL NPR=1,51L ——1
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Figure A=34 Full sccle sideline 1/3 OBSPL for aspect ratio 4 nozzle with deflector,
90°, 135°%, and 150° azimuth position.



HYBRID PROPULSIVE LIFT ACOUSTIC TEST

RUN NO: i
CONFIGURATIO bi:

I\?&Dz?\?OZZLEA(%Z),Z NRZD8 LIZOZZLE WITH BOTTOM PLATE
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Figure A-35 Full scale sideline 1/3 OBSPL at Mic 11, aft directivity increase
with nozzle pressure ratio, JH landing flup



HYBRID PROPULSIVE LIFT
ACOUSTIC TEST

NAS 2-7812
MIC. NO.: 1] (8 = 150°)
RUN NO.: 132 o
CONFIGURATION: NR4D NQZZLE, JH LANDING - 70
A A
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Figure A-36 Full scale 30° sideline narrow band noise {effective
analysis bandwidth = 2,56 Hz) at 150° azimuth for

the aspect ratio 4 noz:‘.':le with deflection and JH flap
with knee blowing; 70~ flap angle.
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HYBRID PROPULSIVE LIFT ACOUSTIC TEST
RUN NO: 132, 173,255NAS 2—7812

CONEIGURATIO : NR4D NOZZLE, JH LANDING - 70°; BASELINE, WING TIP OFF MIC NO: 11 (8 = 150°)
" SLOT PIATE QN,
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o O
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o0 . 77
E__ - F
’\
AU 80
SCALE SOV WO »
)é OB fac/ N
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A 173 WING TIP OFF 1509 ' 1
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Figure A-37 Full scale side!ineo 1/3 OBSPL at 150° azimuth for aspect ratic 4 nozzle with deflector
and JH flap at 70~ flap angle; comparison of baseline, wing tip off, slot plate on.
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CONFIGURATION: Ng4D NOZZLE, JH LANDING - 70°

HYBRID PROPULSIVE UFT ACOUSTIC TEST
RUN NO: 132, 133 NAS 27812

MIC NO: g (g = 105%)
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0 0 =
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60° U] : S S o
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Figure A-38 Full scale sideline 1/3 OBSPL for aspect ratio 4 gozzle with deflector
and JH flap, with and without knee blowing, 70~ flap angle.





